/  - 


The  Olfactory  Tracts  and  Centers  in 
Teleosts 


RALPH  EDV/ARD  SHELDON 

Assistant  Professor  of  Anatomy,  the  University  of  Pittsburgh 
Medical  School 
From  the  Hull  Laboratory  of  Anatomiy  of  the  University 
of  Chicago 


Reprinted  from  The  Journal  op -Compabative  NBUROLoaY, 
Vol.  22,  No.  3,  June,  1912 


I 


UNIVERSITY  OF  LONDON 

INSTITUTE    OF  PSYCHIATRY 

DE  CRESPIGNY  PARK, 
LONDON  S.E.5 


LIBRARY 

SHELDON,  R.E. 

The  olfactory  tracts  and  cente::: 
in  teleosts,  1912, 


CLASS  MARK 
ACCESSION  NUMBER 


h/She 
22506 


200931209  1 

ignniii 

INST.  PSYCH. 


Reprinted  from  The  Journal  of  Compahativb  Neurology,  Vol.  22,  No.  3 
June,  1912 


THE  OLFACTORY  TRACTS  AND  CENTERS  IN 
TELEOSTS 

RALPH  EDWARD  SHELDON  * 

Assistant  Professor  of  Anatomy,  the  University  of  Pittsburgh  Medical  School 
From  the  Hull  Laboratory  of  Anatomy  of  the  University  of  Chicago 

ONE  HUNDRED  AND  FORTY-TWO  FIGURES 

CONTENTS 

I.  Introduction   178 

II.  Anatomy   182 

1.  Peripheral  olfactory  apparatus   183 

a.  Olfactory  capsules   183 

b.  The  olfactory  nerve   185 

c.  The  ganglion  of  the  nervus  terminalis   186 

2.  The  telencephalon    186 

a.  The  olfactory  bulb  and  crus   186 

b.  The  cerebral  hemispheres   189 

(1)  Gross  morphology   189 

(2)  Nuclei   191 

3.  The  diencephalon   198 

a.  Rostral  limits   198 

b.  Gross  morphology   199 

(1)  Epithalamus   201 

(2)  Thalamus   201 

(3)  Hypothalamus   204 

4.  The  fiber  tracts   207 

a.  Crural  tracts   207 

(1)  Tractus  olfactorius  lateralis   209 

(2)  Tractus  olfactorius  medialis   210 

(3)  Nervus  terminalis   212 

(4)  Distribution  secondary  olfactory  fibers  in  forebrain.. .  212 
•          b.  The  anterior  commissure   213 


177  J,  X.  ^3 

THE  JOURNAL  OF  COMPARATIVE  NEUROLOGY,  VOL.  22,  NO.  3 
JUNE,  1912 


LIBRARY 

IMSTITUTS  OF  PSYCHIATP^Y 

DE  CRESPIGNY  PARK 
LONDON  SE5  8AF 


178 


RALPH  EDWARD  SHELDON 


c.  Diencephalic  connections 


214 
214 
217 
217 
218 
218 
219 
222 
227 
231 
238 
239 
248 
254 


(1)  Tractus  olfacto-habenularis  

(2)  Fasciculus  retroflexus  

(3)  Tractus  haljenulo-diencephalicus  

(4)  Posthabenular  preoptic  connections  

(5)  Epiphyseal  fibers  

(6)  Fasciculus  medialis  hemisphaerii  

(7)  Fasciculus  lateralis  hemisphaerii  

(8)  The  nucleus  preopticus  and  its  connections. 


^  5.  The  conduction  pathways  

6.  The  morphological  areas  of  the  forebrain 

III.  Discussion  

IV.  Literature  cited  

V.  Figures  


I.  INTRODUCTION 


The  information  here  added  to  that  heretofore  existing  in  the 
Hterature  is  derived  largelyfrom  a  study  of  the  olfactory  apparatus 
in  the  carp,  Cyprinus  carpio  (L).  The  olfactory  apparatus  is 
highly  developed  in  the  cyprinoids  which,  therefore,  lend  them- 
selves readily  to  its  study.  For  the  elucidation  of  difficult  points, 
however,  comparison  has  been  made  with  Weigert  and  Golgi 
sections  of  the  brains  of  the  pike,  Lucius  lucius  (L),  the  gold- 
fish, Carassius  auratus  (L)  and  the  catfish,  Ameiurus  nebulosus 
(Le  Sueur). 

I  am  indebted  to  Prof.  C.  Judson  Herrick  for  helpful  sugges- 
tions and  criticism  in  every  phase  of  the  work,  together  with  the 
opportunity  to  use  his  unexcelled  neurological  library  and  his 
personal  material.  Prof.  R.  R.  Bensley  likewise  placed  at  my 
disposal  all  the  facilities  of  the  department,  including  the  services 
of  the  artist.  Miss  Katharine  Hill,  who  has  drawn,  with  the  most 
painstaking  care,  the  larger  portion  of  the  figures.  Through  the 
kindness  of  Prof.  Charles  Brookover,  of  Buchtel  College  I  have 
been  able  to  examine  preparations  of  the  brain  of  -4jnia  calva  and 
to  secure  well  preserved  material  for  most  of  the  Ram6n  y  Cajal 
impregnations.  Acknowledgments  should  also  be  made  to  Prof. 
B.  G.  Wilder  of  Cornell  University,  at  whose  suggestion  this  re- 
search was  undertaken,  and  to  Prof.  S.  H.  Gage  of  Cornell  Uni- 
versity and  Prof.  E.  L.  Mark  of  Harvard  University,  in-  whose 
laboratories  important  parts  of  this  investigation  were  conducted. 
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MATERIAL  AND  METHODS 

The  material  used  consists  of  the  following  eighty-three  series 
of  sections  of  the  carp  brain. 

/.  Weigert  method 

Inasmuch  as  the  method  used  varies  somewhat  from  that  usu- 
ally followed,  and  since  it  is  very  successful,  it  will  be  briefly  out- 
lined here.  The  fish  are  killed  in  a  mixture  of  ether  and  water,  the 
brain  removed  immediately  and  placed  in  4  per  cent  formalde- 
hyde for  at  least  forty-eight  Jbours.  It  is  then  washed  in  running 
water  for  a  few  hours  and  placed  in  Miiller's  fluid  at  a  tempera- 
ture of  40°  C.  for  from  eight  to  fourteen  days.  The  fluid  is 
changed  every  second  day  during  this  period.  The  brain  is  next 
washed,  dehydrated,  cleared  in  carbol-xylene  and  embedded  in 
paraffine.  After  the  removal  of  the  paraffine  from  the  mounted 
.  sections  the  slides  are  placed  for  twelve  hours  in  a  half-saturated 
solution  of  copper  acetate,  stained  three  to  four  hours  in  Wei- 
gert's  hematoxylin,  and  differentiated  in  2|  per  cent  potassium 
ferricyanide  with  the  addition  of  2  per  cent  borax.  Pal's 
modification  was  tried  but  rejected,  as  it  was  found  that  sections 
on  the  slide  could  not  be  evenly  differentiated;  moreover,  the 
method  outlined  gives  rather  better  results  for  the  work  in  ques- 
tion, as  it  brings  out  the  unmedullated  tracts  and  the  cell  groups, 
which  the  Pal  modification  does  not.  There  were  stained  accord- 
ing to  this  method: 

Two  series  transverse  sections  of  the  entire  brain. 

Two  series  sagittal  sections. 

Two  series  frontal  sections. 

Six  series  through  the  olfactory  bulbs  and  crura. 
All  of  these  were  from  carp  35  to  60  cm.  in  length  and  were  cut 
at  15  micra.  In  addition  there  were  prepared  one  transverse 
and  one  frontal  series  through  the  entire  head  of  carp  of  3  cm. 
in  length.  The  method  followed  in  this  case  is  as  follows;  the 
fish  are  placed  in  Miiller's  fluid,  changed  every  second  d'ay,  for  a 
month,  and  then  decalcified  for  another  month  in  Flemming's 
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stronger  fluid,  changed  each  week.  From  this  point  on  the 
method  is  similar  to  the  one  first  outlined;  viz.,  dehydration,  clear- 
ing, embedding  in  paraffine,  etc.  Medullated  fibers  and  nerves 
stand  out  very  distinctly  after  the  use  of  this  method.  Other 
methods  of  decalcification  were  tried  but,  as  Herrick  ( '97)  points 
out,  the  Weigert  method  will  not  'take'  after  any  of  the  ordinary 
processes  of  decalcification.  Professor  Herrick  was  kind  enough 
to  loan  me,  in  addition,  a  series  of  transverse  sections  through  the 
adult  carp  brain,  stained  by  the  Weigert-Pal  method. 

II.  Chloral  hematoxylin  and  eosin  method 

Entire  carp,  1  cm.  in  length,  decalcified. 

Two  series  transverse  sections. 
Three  series  sagittal  sections. 
Two  series  frontal  sections. 

III.  Toluidin  blue  method 

The  only  fixing  agent  which  gave  uniformly  good  results  with 
this  stain  was  Graf's  chrom-oxalic  for  twelve  hours.  This  method 
was  used  for  the  differentiation  of  areas  and  the  cytological  struc- 
ture of  the  nerve  cells. 

One  series  transverse  sections. 

One  series  sagittal  sections. 

One  series  frontal  sections. 

IV .  vom.  Rath  method 

This  was  used  for  the  unmedullated  tracts,  particularly  in  the 
olfactory  bulbs,  where  two  series  of  transverse  sections  were  made. 
The  method  followed  is  that  given  by  vom  Rath  ('95).  This 
consists  of  fixation  in  the  following  solution  for  three  days ;  satu- 
rated aqueous  solution  of  picric  acid,  200  cc,  10  per  cent  platinic 
chloride,  10  cc;  2  per  cent  osmic  acid,  25  cc;  glacial  acetic  acid, 
2  cc.  Next  the  specimens  are  placed  in  methyl  alcohol  for  15 
minutes,  0.5  per  cent  aqueous  solution  of  pjTogallic  acid  for  two 
days,  dehydrated  for  two  weeks  in  the  dark,  cleared  in  carbol- 
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xylene,  embedded  in  parafRne  and  sectioned  at  5  micra.  This 
method  is  of  particular  value  in  tracing  the  course  of  the  nervus 
terminalis. 

V.  Gold  chloride  method 

This  was  used  to  bring  out  the  unmedullated  fibers,  particu- 
larly in  the  olfactory  bulbs;  it  is  not  of  great  value,  however,  owing 
to  its  low  penetrating  power.  The  method  of  fixation  in  formalin 
•as  given  in  Hardesty's  'Neurological  technique,' was  followed  with 
the  best  results.  Two  series  of  sections  of  the  bulbs  were  pre- 
pared by  this  method. 

» 

VI.  Golgi  method 

Individuals  two  to  five  centimeters  in  length. 

Five  series  transverse  sections. 

One  series  frontal  sections. 
Individuals  twenty-five  to  forty  centimeters  in  length. 

Six  series  transverse  sections. 

One  series  sagittal  sections. 

Nine  seijies  cut  in  various  oblique  planes. 

Fourteen  series  of  the  olfactory  bulbs  cut  in  various 
planes. 

Two  different  methods  were  followed,  both  of  which  gave  good 
results.  With  most  of  the  Golgi  material  the  fish  were  killed,  the 
brains  removed  and  placed  for  three  to  five  days  in  a  mixture  of 
two  parts  of  3  per  cent  aqueous  solution  of  potassium  dichromate 
and  one  part  of  1  per  cent  aqueous  solution  of  osmic  acid.  Next 
they  were  rinsed  in  a  f  per  cent  solution  of  silver  nitrate  in  which 
they  may  remain  indefinitely  but  are  ready  for  dehydration  and 
embedding  in  celloidin  after  two  to  four  days.  The  second  method 
was  used  for  brains  fixed  in  4  per  cent  formaldehyde. 

After  fixation  for  forty-eight  hours  the  brains  were  washed  in 
running  water  for  twenty-four  hours  and  then  placed  in  a  3  per 
cent  aqueous  solution  of  potassium  dichromate  at  a  temperature 
of  40°  C.  for  six  to  ten  days.  They  were  next  placed  in  the 
osmium-dichromate  mixture  and  treated  as  outlined  for  the  first 


182 


RALPH  EDWARD  SHELDON 


method.  In  addition  to  the  series  noted  above,  Professor  Herrick 
very  kindly  loaned  me  ten  series  of  the  brains  of  young  carp  cut 
in  various  oblique  planes.  The  Golgi  method  was  used  chiefly 
for  the  study  of  the  different  neurones  and  the  course,  with  par- 
ticular reference  to  the  direction,  of  the  fiber  tracts. 

VII.  Ram6n  y  Cajal  method 

Two  series  transverse  sections. 
Three  series  frontal  sections. 

Five  series  sagittal  sections,  two  of  these  partly 
oblique. 

Some  difficulty  was  experienced  in  getting  good  preparations, 
the  following  method  giving  the  best  results.  Whole  brains  are 
fixed  in  95  per  cent  ethyl  alcohol,  washed  for  two  hours  in  running 
water,  placed  in  a  1  per  cent  aqueous  solution  of  silver  nitrate 
at  a  temperatm-e  of  35°  C.  for  three  to  five  days,  washed  in  dis- 
tilled water,  transferred  to  a  1  per  cent  aqueous  solution  of  hydro- 
quinonefor  twenty-four  hours,  washed  in  running  water  fortwenty- 
four  hours,  dehydrated,  cleared  in  cedar  oil,  mounted  in  paraffine 
and  cut  at  ten  to  fifteen  micra.  Fixation  in  neutral  or  acid  for- 
malin gave  poor  results. 

II.  ANATOMY 

The  names  applied  to  the  different  fiber  tracts  and  cell  areas 
have,  so  far  as  is  consistent  with  their  morphology,  been  taken 
from  the  literature.  In  a  few  cases  such  terms  have  been  used 
in  a  sense  slightly  different  from  that  assigned  them  by  the  orig- 
inal authors;  whenever  such  is  the  case  the  fact  has  been  noted. 
In  several  cases  inappropriate  terms  of  long  use  have  been 
retained  owing  to  their  familiarity  and  common  use.  Where, 
however,  a  term  is  lacking  in  the  hterature,  or  where  a  previ- 
ously used  term  is  greatly  at  variance  with  the  morphology,  a 
new  name  has  been  selected.  In  this  case  the  endeavor  has  been, 
as  far  as  possible,  to  make  such  new  name  descriptive  of  the  rela- 
tionships involved,  or  else  suggestive  of  a  homologous  structure 
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in  the  nervous  anatomy  of  higher  forms.  In  the  case  of  fiber 
tracts  the  customary  methods  of  neurological  nomenclature  have 
been  followed,  viz.,  the  application  of  a  term  which  will  include  in 
itself  full  information  as  to  the  origin  and  termination  of  the 
fibers  as  well  as  their  direction;  as  for  example,  the  tractus  inter- 
medio-habenularis,  originating  in  the  nucleus  intermedius  and 
terminating  in  the  habenula. 

1.  PERIPHERAL  OLFACTORY  APPARATUS 

a.  The  olfactory  capsules 

The  olfactory  apparatus  in  the  carp  consists  of  the  olfactory 
capsules  with  their  lamellae,  open  to  the  exterior  through  two 
apertures;  the  olfactory  nerves,  bulbs,  crura,  centers  in  the  cere- 
bral hemispheres,  epithalamus,  medithalamus  and  hypothalamus,, 
to  which  may  be  added  the  motor  connections  common  to  the 
olfactory  and  gustatory  senses,  etc.  These  latter  will  not  be 
considered  in  this  article. 

Gross  morphology.  The  two  external  apertures  of  the  capsules 
are  in  close  proximity,  one  rostro-medial  of  the  other.  They  are 
separated  by  a  grooved  flap  of  skin  so  shaped  that  in  forward 
movement  water  will  be  driven  into  the  more  rostral  aperture. 
The  lateral  aperture  opens  caudally  for  the  exit  of  water  from  the 
cup.  Inside  the  capsule,  and  running  caudo-laterally  from  the 
rostro-medial  aperture,  is  a  median  ridge  from  which  the  laniellae 
radiate  on  either  side  and  at  its  caudo-lateral  end. 

Microscopic  anatomy.  The  lamellae  are  covered  by  the  epi- 
thelium of  the  olfactory  mucous  membrane,  consisting  of  .the 
typical  nervous  olfactory  cells,  and  the  supporting  cells.  Goblet; 
cells  are  particularly  numerous  in  the  epithelium  of  the  central 
ridge,  which  is  also  slightly  thicker  than  that  of  the  lamellae 
(fig.  5).  It  resembles  closely  the  respiratory  epithelium  of  the 
Schneiderian  membrane  of  mammals,  as  distinguished  from  the 
olfactory  portion.  It  is  probable,  therefore,  that  there  are  found 
here  two  varieties  of  epithelium,  similar  to  the  condition  in  higher 
forms;  an  olfactory,  concerned  with  smell  and  a  respiratory; 
concerned,  in  this  case,  with  the  water  current. 
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Innervation.  From  the  olfactory  cells  arises  the  unmedullated 
fibers  which,  passing  through  the  lamellae,  form  the  olfactory- 
nerve.  Medullated  fibers  penetrate  the  central  ridge,  ending 
immediately  underneath  the  epithelium  (fig.  5).  Such  an  inner- 
vation has  been  described  in  no  other  anamniote  (Sheldon, 
'08  b),  although  it  has  long  been  known  that  in  mammals,  partic- 
ularly in  man,  such  fibers  take  part  in  the  innervation  of  the 
nasal  mucous  membrane. 

In  1903  Rubaschkin'  demonstrated  their  presence  in  birds. 
Practically  all  Amphibia  and  many  fishes  have  been  studied  with 
reference  to  this  point,  but  in  no  case  have  medullated  fibers  been 
demonstrated  beyond  doubt,  although  A.ichel  in  1895  believed  that 
he  found  something  of  the  kind  in  embryo  teleosts.  In  six  Wei- 
gert  series  through  the  olfactory  capsules,  bulbs  and  crura  of  the 
adult  carp  it  has  been  possible  to  demonstrate  the  presence  of 
medullated  fibers  in  the  tunica  propria  of  the  Schneiderian  mem- 
brane, part  of  which  evidently  distribute  to  the  epithelium,  as 
they  can  be  traced  to  the  membrana  propria  itself.  These  latter 
probably  end  in  free  nerve  terminations,  as  there  are  no  special 
organs  developed.  Part  of  the  fibers  entering  the  tunica  pro- 
pria join  the  bundles  of  unmedullated  fibers  and  apparentl}^  run 
to  the  mucous  membrane  of  the  lamellae  with  them.  The  re- 
mainder of  the  medullated  fibers  innervate  the  skin  about  the 
nasal  capsule. 

All  of  these  medullated  fibers  are  derived  from  the  supra- 
orbital trunk,  which  is  made  up  of  general  cutaneous  fibers  from 
the  Gasserian  ganglion  (nervus  ophthalmicus  superficialis  tri- 
gemini)  and  sensory  fibers  from  the  facial  (nervus  ophthalmicus 
superficialis  facialis).  This  latter  nerve  is  composed  partly  of 
fibers  from  the  dorsal  lateralis  ganglion,  and  partly  of  visceral 
sensory  fibers  from  the  geniculate  ganglion.  The  fibers  entering 
the  tunica  propria  are  certainly  not  acustico-lateral,  since  no  canal 
or  pit  organs  are  developed  in  connection  with  the  epithehum; 
the  fibers  are  also  smaller  than  are  the  lateralis  fibers.  They 
may,  therefore,  be  either  general  cutaneous  or  visceral  sensory, 
with  the  preponderance  of  evidence  in  favor  of  the  former.  This  is 
due,  in  part,  to  the  fact  that  in  birds  and  mammals  such  inner va- 
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tion  is  trigeminal  and  partly  because  the  weight  of  evidence  in  the 
teleosts  is  against  the  supposition  that  visceral  sensory  fibers 
are  present  in  this  region.  Part  of  the  branch  entering  the  tunica 
propria  goes  to  the  skin,  as  already  noted;  the  number  of  general 
cutaneous  fibers  in  the  supra-orbital  trunk  is  much  greater  than 
the  number  of  visceral  sensory.  If  there  are  visceral  sensory 
fibers  going  to  the  mucous  membrane,  they  must  be  unspecialized, 
as  there  are  no  taste  buds  present;  there  is  not  the  slightest  evi- 
dence, however,  that  such  fibers  are  here  present.  In  their  course 
from  the  supra-orbital  trunk  to  the  tunica  propria  the  medullated 
fibers  pass  partly  between  the  two  bundles  of  the  olfactory  nerve 
and  partly  directly  laterad  into  the  median  ridge. 

Young  gold  fish  and  cod  were  studied  with  reference  to  the 
presence  of  medullated  fibers  in  the  mucoUs  membrane,  but  none 
could  be  demonstrated.  This  may  have  been  due,  particularly,  in 
the  case  of  the  gold  fish,  to  the  fact  that  the  individuals  were 
immature,  as  such  fibers  could  not  be  found  in  young  carp. 

As  the  main  current  of  water  would  be  forced  along  the  ridge 
thus  innervated  by  general  cutaneous  fibers,  it  is  probable  that 
their  function  is  that  of  tactile  response  for  solid  substances  in  the 
water  or  else  with  respect  to  the  strength  of  the  water  current 
or  both  (see  also  Kappers,  with  respect  to  the  'Oralsinn,'  and 
Sheldon,  '09  b,  on  'Chemical  Sense'). 

b.  The  olfactory  nerve 

The  olfactory  fibers  gather  from  the  different  lamellae  in  two 
main  bundles.  In  general,  the  medial  bundle  is  derived  from 
the  more  rostral  lamellae,  while  the  lateral  is  derived  from  the 
more  caudal.  The  fibers  of  the  two  bundles  distribute  to  all 
parts  of  the  rostral  and  lateral  surfaces  of  each  bulb,  the  lateral 
bundle  causing  a  protuberance  on  the  dorso-lateral  surface  of  each 
bulb  as  shown  in  figs.  1,  6  (a).  There  is  a  quite  general  crossing 
of  the  fibers  of  the  two  bundles  before  they  reach  the  bulb  so  that 
fibers  from  each  reach  all  parts  of  the  bulb  (fig.  123) .  Apparently, 
however,  the  lateral  bundle  is  more  especially  associated  with  the 
tractus  olf  actorius  lateralis  and  to  a  somewhat  less  extent  with  the 
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tractus  olfactorius  ascendens,  while  the  medial  bundle  is  most 
closely  associated  with  the  tractus  oKactorius  medialis.  The 
olfactory  bulb  is  closely  applied  to  the  caudo-mesal  face  of  the  cap- 
sule so  that  the  nerve  itself  is  very  short,  although  individual 
fibers  may  be  of  some  length. 

c.  Ganglion  of  the  nervus  terminalis 

Lying  between  the  two  bundles  of  the  olfactorj^  nerve  from  the 
lamellae  to  the  bulb  are  a  number  of  large  scattered  ganglion  cells 
formdng  the  ganglion  of  the  nervus  terminalis.  In  the  adult  carp 
these  cells  are  most  numerous  near  the  bulb  and  are  apparently 
about  a  hundred  in  number.  This  is  less  than  is  the  case  in  Amia 
as  described  by  Brookover  ('08,  '10).  Neurites  from  these  cells 
run  mesad  to  form  a  bundle  of  fibers  on  the  mesal  aspect  of  each 
bulb  (figs.  7,  123,  124). 

2.  THE  TELENCEPHALON 

a.  Olfactory  hulb  and  crus 

The  olfactory  bulb  is  ellipsoid  in  shape,  about  1.5  mm.  long  and 
1  mm.  thick,  in  a  40  cm.  carp.  Rostrally  and  laterally  it  is  cov- 
ered by  a  mass  of  olfactory  nerve  fibers  as  noted  above.  At  the 
rostral  end  of  the  bulb  a  circular  constriction  appears  externalh^, 
separating  the  bulb  proper  from  the  olfactory  nerve  proper,  which 
rostro-lateral  to  the  constriction  spreads  out  over  the  olfactorj^ 
capsule.  Caudally  the  bulb  tapers  down  to  the  small,  elongated 
crus  on  which  it  is  borne  in  the  cyprinoids.  This  is  from  three  to 
four  centimeters  long  in  a  40  cm.  carp,  extending  from  the  bulbs  to 
the  cerebral  hemisphere  (fig,  1).  .  In  young  fry  the  bulbs  are  closely 
apposed  to  the  hemispheres;  but  since  the  cranium  grows  faster 
than  the  brain  as  a  whole,  the  crura  elongate.  Each  crus  is  a 
hollow  tube,  the  base  of  which  is  formed  by  the  tracts  connecting 
the  bulb  and  hemisphere  (figs.  2,  22,  23) .  Dorsally  is  an  epithe- 
lial roof,  a  rhinotela,  which  is  simply  a  rostral  prolongation  of 
the  tela,  or  so-called  pallium  of  the  hemispheres,  consisting  of  a 
layer  of  ependyma  and  one  of  pia.    This  covering  arches  over  the 
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solid  base  of  the  cms  at  its  caudal  end  as  shown  in  fig.  23,  gradu- 
ally decreasing  in  extent  rostrad  (fig.  22)  until  it  forms  only  a 
roof  for  the  trough-like  cavity  below.  This  cavity  is  morpho- 
logically a  part  of  the  ventricle  of  the  hemispheres,  extending,  even 
a  short  distance  into  each  bulb,  as  is  the  case  with  most  verte- 
brates (Wiedersheim,  '02). 

Internal  to  the  layer  of  olfactory  nerve  fibers  occurs  the  for- 
matio  bulbaris,  formed  chiefly  by  the  glomeruli.  The  glomeruli 
are  of  the  usual  type,  consisting  of  the  terminal  end-brush  of 
olfactory  nerve  fibers,  mingled  with  the  dendrites  of  mitral  cells, 
chiefly.  The  central  and  mesal  portion  of  the  bulb  is  made  up  of 
a  mass  of  cells,  the  nucleus  olfactorius  anterior,  the  lobus  olfac- 
torius., anterior  of  Goldstein. 

According  to  Golgi  preparations,  neurones  of  several  differ- 
ent types  are  found  in  the  olfactory  bulb.  The  most  conspicu- 
ous are  the  large  cells  with  short,  thick,  many  branched  dendrites, 
the  mitral  cells  (figs.  8  to  12).  These  are  irregular  in  form  and 
are  situated  largely  in  the  peripheral  portion  of  the  bulb,  with 
their  long  axes  approximately  parallel  with  the  surface  as  figured 
by  Johnston,  Catois,  etc.  The  mitral  cells  are  very  irregular  in 
form;  pyramidal,  stellate  and  goblet  shapes  being  the  most  nu- 
merous. The  dendrites  of  these  cells,  as  already  mentioned,  break 
up  in  the  glomeruli  and  there  come  into  relation  with  the  terminals 
of  the  olfactory  nerve  fibers.  Their  neurites  form  the  majority 
of  the  centripetal  fibers  of  the  tractus  olfactorius  lateralis  and 
tractus  olfactorius  medialis.  A  dendrite  of  a  mitral  cell  will 
often  enter,  also,  into  relation  with  one  of  the  cells  of  the  nucleus 
olfactorius  anterior,  usually  a  fusiform  or  stellate  cell.  The 
smaller  cells  o  f  the  bulb  are  more  nearly  central  in  position  and 
make  up  most  of  the  nucleus  olfactorius  anterior.  Fusiform  and 
stellate  cells  are  the  most  numerous  of  these,  with  occasionally  a 
pyramidal  or  goblet-shaped  cell  (figs.  13  to  20).  The  stellate 
cells,  particularly  of  the  types  shown  in  figs.  14  and  17,  are  the 
most  common,  and  are  situated  near  the  center  of  the  bulb,  with 
their  many  processes  extending  fan  shaped  toward  the  periphery, 
where  many  of  them  enter  glomeruli  (Johnston,  '98,  fig.  1). 
Other  processes  of  these  cells  enter  into  relation  with  other  cells 
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of  the  nucleus  olfactorius  anterior.  It  is  certain  that  a  few  of  the 
stellate  cells  send  their  neurites  into  the  hemispheres,  but  such 
could  not  be  demonstrated  with  certainty  for  all.  Many  fusi- 
form cells  of  the  type  shown  in  fig.  13  lie  near  the  center  of  the 
bulb  with  two  processes  extending  to  either  margin.  These  cells 
likewise  send  their  neurites  to  the  hemispheres  (fig.  21).  Cells 
of  the  types  shown  in  figs.  15,  16,  18,  20  may  be  found  in  an}'  part 
of  the  nucleus  olfactorius  anterior,  with  their  processes  extending 
nearly  equally  in  all  directions.  Small  granule  cells,  of  the  type 
shown  in  fig.  19,  are  conamon  in  the  center  of  the  bulb,  where  they 
apparently  function  as  association  cells,  as  no  neurites  entering 
the  crura  could  be  demonstrated.  The  mitral  cells  undoubtedly 
correspond  with  the  mitral  cells  of  all  other  vetebrates,  so  far 
as  studied;  there  is  some  question,  however,  regarding  the  com- 
parative morphology  of  the  smaller  cells  throughout  the  verte- 
brate series.  Apparently,  as  is  shown  also  by  Johnston,  the  stel- 
late cells  in  lower  vertebrates  are  connected  with  the  glomeruU 
and  hemispheres,  much  as  are  the  mitral  cells;  as  an  ascent  is  made 
in  phylogeny,  however,  these  cells  may  either  disappear  or  may 
metamorphose  into  mitral  cells.  The  typical  stellate  cells  of  the 
carp  as  shown' in  figs.  14,  17,  are  undoubtedly  similar  to  the  stel- 
late cells  of  the  granular  zone  of  Acipenser,  as  described  by  John- 
ston; there  is  the  same  relation  to  the  glomeruli,  the  position  in 
the  bulb  is  the  same,  and  the  central  processes  take  the  same 
course.  Fusiform  cells  of  the  type  shown  in  fig.  13  are  probablj'- 
the  homologues  of  Johnston's  spindle  cells  of  the  granular  zone, 
although  no  neurites  were  traced  from  these  cells  into  the  crura. 
The  type  found  in  figs.  15  and  20  probably  corresponds  to  John- 
ston's cells  with  short  neurites,  Golgi  type  II  cells.  Cells  of  Cajal 
were  not  identified  with  certainty.  The  granule  cells  of  the  carp 
are  apparently  simply  intrinsic  association  nerve  cells,  differing, 
therefore,  from  the  granule  cells  of  Acipenser. 

The  fiber  tracts  of  the  olfactory  bulb  will  be  taken  up  later,  in 
connection  with  the  fiber  systems  of  the  cerebral  hemispheres. 
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b.  The  cerebral  hemispheres 

(1)  Gross  morphology.  The  cerebral  hemispheres  are  of  the  typi- 
cal teleostean  type  (figs.  1  to  4) .  They  consist  of  paired  solid  basal 
lobes  which  contain  chiefly  the  secondary  olfactory  centers,  con- 
tinuing caudo-ventrally  over  the  optic  chiasma  as  the  pedunculi 
thalami,  or  praethalamus  of  C.  L.  Herrick.  Dorsally  and  later- 
ally, these  are  covered  by  a  membranous  roof,  the  so-called  pal- 
lium, composed  of  adjacent  layers  of  ependyma  and  pia.  This 
tela  is  continuous  rostrally  with  the  membranous  roof  of  each 
olfactory  crus,  the  separation  into  two  parts  occurring  just  at 
the  rostral  margin  of  the  basal  lobes.  This  tela  is  attached  at  the 
ventro-lateral  margin  of  each  hemisphere,  at  which  point  its  pia 
becomes  continuous  with  that  of  the  base  of  the  brain,  while  its 
ependyma  is  reflected  over  the  basal  lobes  (figs.  1,  2,  3,  4,  34). 
Immediately  mesal  to  the  attachment  of  the  tela  occurs  a  fis- 
sure, the  fissura  endorhinaUs  (figs.  4,  24,  25,  etc.).  This  is  the 
sinus  rhinalis  of  Kappers  ('06),  the  fovea  endorhinalis  externa  of 
Kappers  and  Theunissen  ('08),  the  fovea  limbica  of  Goldstein 
and  Edinger,  the  fissura  ectorhinalis  of  Owen  ('68),  the  fissura 
endorhinalis  of  many  authors.  This  fissure  holds  a  constant  posi- 
tion throughout  the  vertebrate  series,  separating  in  the  higher 
forms  the  basal  olfactory  centers  from  the  pyriform  lobe;  it  like- 
wise bears  a  constant  relation  to  the  tractus  olfactorius  lateralis, 
as  will  be  noted  later. 

The  ventricle  of  the  f  orebrain  consists  of  the  open  space  between 
the  tela  and  the  basal  lobes.  This  forms  a  large,  but  shallow 
cavity,  excepting  between  the  two  basal  lobes  where  it  is  of  some 
depth  (figs.  24,  34,  35,  etc.).  It  extends  caudally  to  the  velum 
transversum.  Caudal  to  this  velum,  occurs  a  much  convoluted 
epithelial  sac  extending  rostrally  over  the  tela  proper;  this  is 
the  dorsal  sac,  and  is  an  evagination  of  the  membranous  wall  of 
the  diencephalon  (fig.  68) .  Ventral  to  the  velum  transversum,  the 
forebrain  ventricle  passes  over  into  the  third  ventricle  or  dien- 
cephalic cavity. 

Each  basal  lobe  is  separated  by  ependymal  sulci  on  the  dorsal, 
lateral  and  mesal  surfaces  into  regions  with  characteristic  internal 
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structure  and  fiber  connections  (figs.  2  and  3).  The  deepest  of 
these  is  the  sulcus  j^psiliformis,  which  arises  from  the  ventro- 
lateral border  about  three-fourths  of  the  distance  back  from 
the  rostral  pole  of  the  basal  lobe,  ascends  to  the  dorsal  surface  and 
here  divides  into  an  anterior  and  a  posterior  limb,  which  enclose 
a  central  eminence.  This  eminence  contains  the  palaeostriatum 
and  the  primordium  hippocampi,  the  latter  covering  the  dorsal 
surface  of  the  palaeostriatum,  especially  on  its  mesal  border. 
The  posterior  hmb  separates  the  posterior  pole  from  the  rest  of  the 
hemisphere;  the  anterior  limb  separates  the  central  eminence  from 
the  tuberculum  anterius  and  the  tuberculmn  laterale,  these  com- 
prising a  part  of  the  nucleus  olfactorius  lateralis.  The  remainder 
of  the  lateral  olfactory  nucleus  is  the  nucleus  pjTiformis  of  the 
posterior  pole. 

The  anterior  limb  of  the  sulcus  ypsiliformis  corresponds  fairly 
closely  with  the  sulcus  palaeopalUo-epistriaticus  of  Thynnus  and 
the  fovea  endorhinalis  interna  of  Amia,  as  described  by  Kappers 
and  Theunissen  ('08). 

On  the  mesal  aspect  of  each  basal  lobe,  extending  for  almost  the 
whole  length  of  the  lobe  is  a  well  defined  sulcus  of  great  morpho- 
logical importance  which  has  been  ignored  by  other  writers  on 
the  brains  of  fishes.  It  forms  the  dorsal  boundary  of  the  precom- 
missural body  and  has  some  points  of  resemblance  with  the  fis- 
sura  limitans  hippocampi  (C.  Judson  Herrick,  -'10)  in  Amphibia 
and  Reptilia,  the  fovea  septocorticalis  (Kappers  and  Theunis- 
sen) in  Rana,  and  the  fissura  arcuata  of  Gaupp,  with  which,  how- 
ever, it  is  not  fully  homologous,  as  will  appear  beyond.  It  will 
be  designated  sulcus  limitans  telencephah. 

Ventrally  of  this  furrow  lies  the  corpus  precommissurale,  termed 
the  epistriatum  by  Kappers  ('06),  the  lobus  olfactorius  posterior, 
pars  medialis,  by  Goldstein,  etc. 

An  examination  of  fig.  4  shows  that  the  fissm-a  endorhinalis 
on  the  ventral  surface  of  the  hemispheres  forms  an  open  V.  It 
first  appears  rostrally  at  the  point  where  the  olfactorj'  tract  joins 
the  hemispheres  (fig.  24),  graduall}^  extending  laterally  until  the 
base  of  the  sulcus  ypsiUf  ormis  is  reached,  whence  it  turns  medially 
again.    For  the  whole  of  its  extent  the  tractus  olfactorius  laterahs 
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lies  immediately  dorsal,  giving  off  fibers  to*  the  nucleus  olfacto- 
rius  lateralis  and  nucleus  pyriformis.  Lateral  to  the  caudal  end 
of  the  fissura  endorhinalis  lies  the  nucleus  teniae  of  Edinger, 
Kappers  and  Goldstein. 

{2)  Nuclei.  The  basal  lobes  are  entirely  separate,  excepting 
ventrally,  where  they  are  joined  by  the  lamina  terminalis,  which 
runs  rostrally  from  the  region  of  the  optic  chiasma.  At  a  point 
approximately  two-thirds  distant  from  the  rostral  margin  of  the 
hemispheres,  there  lies  embedded  in  the  lamina  terminalis,  the  large 
anterior  commissure,  connecting  both  lobes  (figs.  34  to  61). 
Rostrally,  the  lobes  overhang  the  olfactory  tracts  for  a  short  dis- 
tance (fig.  24),  while  caudally  the  hemispheres,  spreading  later- 
ally over  the  optic  tracts,  are  partly  covered  by  the  optic  lobes 
(fig.  76). 

The  basal  lobes  contain,  in  teleosts,  the  secondary  olfactory 
centers,  one  or  more  tertiary  centers  and  the  so-called  corpus 
striatum,  here  designated  the  palaeostriatum.  In  the  carp  this 
receives,  throughout  most  of  its  extent,  secondary  olfactory  fibers. 

(a)  Corpus  precommissural.  Extending  from  the  rostral  end 
of  the  hemispheres  caudally  into  the  diencephalon  is  a  column  of 
cells,  bordering  the  medial  cavity  on  either  side.  Its  dorsal 
limit  is  indicated  by  the  sulcus  limitans  telencephali  and  it  is 
bounded  laterally,  throughout  most  of  its  more  caudal  portion,  by 
the  palaeostriatum. 

This  is  the  corpus  precommissurale ;  the  area  olf  actoria  posterior 
medialis  and  epistriatum  of  Kappers,  '06,  but  not  of  Kappers,  '08, 
where  this  name  is  applied  to  the  primordium  hippocampi;  the 
lobus  olfactorius  posterior,  pars  medialis  of  Goldstein;  'vordere 
nucleus,'  partly,  of  Bela  Haller.  At  the  rostral  end  of  the  hemi- 
sphere this  nucleus  is  largely  ventral  (fig.  25) ;  toward  the  anterior 
commissure,  however,  it  increases  in  dorso-ventral  extent  cover- 
ing practically  all  the  mesal  surface  of  each  hemisphere  (fig.  35). 
The  interposition  of  the  fibers  of  the  commissure  separates  the 
nucleus  into  two  parts,  a  dorsal  passing  above  the  commissure, 
and  a  ventral  composed  of  cells  lying  between  its  fiber  s.ystems 
(figs.  35,  36,  38,  55,  56,  61).  Caudally  of  the  anterior  commissure, 
these  two  divisions  of  the  nucleus  remain  distinct,  one  continuing 
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ventrally,  close  to  the  median  cavity,  while  the  other  remains 
dorsal,  meeting  the  lateral  olfactory  area  in  the  polus  posterior 
of  the  hemisphere,  and  then  continuing  caudally  under  the  haben- 
ula.  This  forking  column  of  cells  is,  as  will  be  brought  out  more 
clearly  later,  the  morphological  equivalent  of  the  precommissural 
body  or  paraterminal  body  of  Elliot  Smith  in  mammals  and  rep- 
tiles, and  is,  therefore,  here  termed  the  corpus  precommissurale. 
The  rostral  portion  of  the  nucleus  corresponds  morphologically 
to  the  rostral  part  of  the  ganglion  mediale  septi  of  Gaupp,  or  the 
area  precommissurahs  septi  of  Kappers  and  Theunissen  in  the 
frog,  and  is  called,  therefore  the  nucleus  medianus  (fig.  25). 

The  portion  of  the  nucleus  extending  into  the  commissure  is 
simply  the  bed  of  the  anterior  commissure  of  Elliot  Smith  in 
reptiles  and  mammals  and  is  called,  therefore,  the  pars  commis- 
suralis.  The  arm  of  the  precommissural  body  arching  over  the 
commissure  presents  points  of  resemblance  to  the  pars  fimbrialis 
septi  of  Kappers  and  Theunissen  in  the  frog.  It  is  here  called  the 
pars  supracommissuralis  (figs.  35,  36,  38,  55,  56,  61).  Its  exten- 
sion caudad  behind  the  conurdssure  joining  the  lateral  olfactory 
area  is  named  the  pars  intermedia  (figs.  66,67,  68,  70).  The  com- 
missure bed  passes  immediately  caudad  into  a  nucleus  of  small 
cells,  bordering  the  ventricle,  which  is  here  termed  the  nucleus 
preopticus  (figs.  61,  66,  67,  68,  70,  73,  76,  etc.).  This  is  composed 
of  several  different  cell  groups  which  will  be  taken  up  in  greater 
detail  later. 

All  parts  of  the  corpus  precommissurale  appear  very  discrete 
in  toluidin  blue  preparations.  In  the  nucleus  medianus,  the 
cells  are  closely  packed,  but  are  arranged  in  groups  or  islands 
(figs.  25,  26).  (See  Calleja,  '93.)  Usually  a  clear  zone  of  few 
cells  surrounds  the  precommissm'al  body  particularly  dorsally 
and  laterally  (fig.  38).  In  the  pars  supracommissurahs  the  ceUs 
are  less  closely  packed  (figs.  38,  46,  56),  and  have  lost  the  island 
arrangement.  The  grouping  in  the  pars  commissuralis,  is  largely 
dependent  on  the  position  of  the  fiber  bundles  of  the  anterior  com- 
missure; the  cells  are,  however,  fairl}^  evenl}^  distributed  (figs. 
38,  56). 
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In  the  rostral  part  of  the  commissure  bed  is  found  the  group 
of  cells  in  which  terminate  the  fibers  of  the  nervus  terminalis.  The 
pars  intermedia  ^of  the  corpus  precommissurale  consists  of  a 
narrow  column  of  cells,  fairly  closely  packed  and  forming  a  dis- 
tinct band  across  the  ventral  portion  of  the  posterior  pole  of  the 
hemisphere  (figs.  66,  67,  68,  70) .  Its  morphological  relationships 
are  obscure. 

In  Golgi  preparations  of  different  parts  of  the  precommissural 
body  some  of  the  cellular  relations  are  brought  out  more  fully. 
In  the  nucleus  medianus  the  cells  are  fairly  large,  fusiform,  pyra- 
midal or  ellipsoid  in  shape,  with  almost  all  of  their  processes  com- 
ing from  the  ends  of  the  perikaryon  as  shown  in  figs.  28  to  31. 
A  large  proportion  of  these,  cells  give  rise  to  the  fibers  of  the 
tractus  olfactorius  ascendens.  The  neurites  are  very  delicate, 
possessing  granular  enlargements  along  their  course.  Smaller 
cells  with  a  number  of  short,  root-like  dendrites  and  a  single  long 
neurite  extending  into  the  palaeostriatum,  are  not  uncommon 
(fig.  43) .  Several  varieties  of  small  cells,  apparently  functioning 
as  association  cells,  are  found  also  in  the  nucleus  medianus; 
these  are  chiefly  stellate,  or  irregularly  rounded  (figs.  41,  42). 
In  the  pars  supracommissuralis  the  cells  are  smaller;  also  rather 
more  of  the  association  cells  of  the  type  shown  in  figs.  41,  42  are 
found.  Cells  of  type  shown  in  fig.  43,  sending  fibers  to  the  palaeo- 
striatum, are  more  common  than  in  the  nucleus  medianus.  Many 
of  the  cells  of  this  nucleus  send  their  neurites  into  the  tractus 
olfacto-thalamicus  medialis.  Such  a  cell  is  shown  in  fig.  40.  Small 
stellate  and  small  pyramidal  cells  are  rather  more  common  than 
the  type  illustrated. 

(b)  Primordium  hippocampi.  Dorsad  of  the  sulcus  limitans 
telencephali,  appearing  with  especial  distinctness  rostrally,  lies 
the  primordium  hippocampi,  or  nucleus  olfactorius  dorsalis. 
Between  it  and  the  corpus  precommissurale  may  be  seen  a  slight 
clear  area,  devoid  of  cells.  The  cells  of  the  primordium  hippo- 
campi are  rostrally  slightly  smaller  than  those  of  the  nucleus  medi- 
anus, while  dorsal  to  the  pars  supracommissuralis  they  are  very 
similar  to  those  of  the  latter  nucleus  (fig.  46).  Many  of  them 
resemble  the  dorsal  cells  of  the  nucleus  olfactorius  lateralis  (figs. 
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48,  49,  56).  The  primordium  hippocampi  receives  secondary 
olfactory  fibers  from  the  tractus  olfactorius  mediahs  and  a  few 
commissural  fibers  associated  with  the  commi^sm'a  corporium 
precommissuralium.  The  neurites  of'  its  cells  descend  partly 
with  the  tractus  strio-thalamicus  and  partly  with  the  tractus 
olfacto-thalamicus  mediahs,  pars  dorsalis.  No  tertiary  olfactory 
fibers  could  be  traced,  in  Golgi  preparations,  either  from  the 
lobus  pyriformis  or  the  corpus  precommissurale  to  the  primordium 
hippocampi.  In  Ram6n  y  Cajal  preparations,  however,  mingled 
with  the  fibers  of  the  commissura  corporium  precommissuralium 
rostrally  are  a  number  of  unmedullated  fibers  connecting  the 
nucleus  medianus  with  the  primiordium  hippocampi.  From  the 
conditions  in  amphibians,  reptiles  andinammalsit  seems  extremely 
probable  that  these  represent  the  tractus  area-hippocampalis  rectus 
of  Kappers  and  constitute  an  association  path  between  the  pre- 
commissural body  and  the  primordium  hippocampi.  The  mor- 
phology of  this  region  will  be  considered  more  in  detail  fm-ther  on. 

(c)  Nucleus  oKactorius  lateralis.  Laterally,  extending  from  the 
extreme  rostral  end  of  each  basal  lobe  to  the  extremity  of  the 
polus  posterior,  lies  the  lateral  olfactory  area;  the  area  olfactoria 
of  Edinger,  the  lobus  olfactorius  posterior,  pars  laterahs  of  Gold- 
stein, area  olfactoria  posterior  lateralis  of  Kappers  ('06),  area 
olfactoria  lateralis  of  Kappers  and  Theunssen  ('08).  The  nucleus 
olfactorius  lateralis  is  here  divided  into  itwo  parts,  both  rostral 
to  the  sulcus  ypsiliformis,  and  consisting  of  rather  evenly  dis- 
tributed, somewhat  scattered  cells.  The  more  rostral  appears 
externally  as  the  tuberculum  anterius  (figs.  2  and  3),  while  the 
more  caudal  presents  superficially  the  tuberculum  laterale.  The 
nucleus  olfactorius  lateralis  covers  as  a  cap  the  entu'e  rostro- 
lateral  surface  of  each  basal  lobe.  At  the  extreme  rostral  pole  it 
is  restricted  to  the  lateral  aspect  but  passing  caudally  it  gradually 
spreads  dorsally  covering  the  dorso-lateral  aspect  of  each  lobe,  at 
the  level  of  the  sulcus  ypsiliformis  (figs.  25,  38). 

The  lobus  pyriformis,  so  named  since  it  is  closely  related  to  the 
pyriform  lobe  of  mammals,  consists  dorsally  and  caudally,  of 
evenly  distributed  scattered  cells  very  similar  to  those  of  the  nu- 
cleus olfactorius  lateralis  (figs.  38,  56,  66,  67),  f^Ventrally,  imme- 
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diately  lateral  to  the  fissura  endorhinalis,  a  portion  of  the  nucleus 
pyriformis  is  specialized  to  form  the  nucleus  teniae  of  Kappers, 
Goldstein,  Edinger,  the  caudal  portion  of  the  hypostriatum  of 
Catois,  nucleus  occipito-basalis  of  C.  L.  Herrick.  This  is  a  com- 
pact nucleus  of  rather  small  cells  (fig.  57) .  Caudally  it  meets  the 
pars  intermedia  of  the  corpus  precommissurale,  both  being  covered 
dorsally  by  the  unspecialized  cells  of  the  lobus  pyriformis  (figs. 
38,  56,  66,  67,  70). 

In  preparations  by  the  Golgi  method,  this  region  is  plainly 
marked.  Throughout  the  whole  lateral  olfactory  area,  near- the 
periphery  of  the  lobes,  one  finds  cells  of  the  same  general  type, 
with  fine  processes,  lightly  spiny,  and  with  small  sized  perikarya 
(figs.  32,  33,  48,  49,  52,  53).  The  perikarya  vary  considerably 
in  shape,  flask-shaped  cells  being  most  numerous,  as  shown  in 
figs.  32,  33,  from  the  rostral  portion  of  the  lateral  area,  figs.  48, 
49  from  the  dorso-lateral  part.  Occasionally,  small  pyramidal 
cells  of  the  type  shown  in  fig,  53  may  be  found.  Flask-shaped 
cells  are  particularly  numerous  close  to  the  periphery  of  each  lobe, 
with  the  rounded  margin  of  the  perikaryon  directed  toward  the 
periphery  and  most  of  the  processes  arising  from  the  mouth  of  the 
flask.  A  cell  of  this  type  is  shown  in  fig.  52.  Part  of  these  proc- 
esses extend  laterally  along  the  ventricular  margin,  while  the 
neurite  enters  the  basal  forebrain  bundle. 

The  cells  of  the  nucleus  teniae  vary  somewhat  from  the  general 
type  of  the  lateral  olfactory  area  neurone  but  are  recognizably 
similar.  Many  of  the  cells,  as  shown  in  figs.  59,  60,  possess  peri- 
karya more  nearly  ovoid  than  flask-shaped;  the  processes  are 
fine  and  bear  inconspicuous  spines,  however,  as  do  the  other  cells 
of  the  lateral  olfactory  area.  Fig.  58  shows  a  cell  nearly  pyra- 
midal in  shape. 

(d)  Palaeostriatum.  In  the  central  part  of  each  basal  lobe  is 
a  region  called  by  practically  all  writers  on  the  teleostean  brain 
the  corpus  striatum,  here  termed  the  palaeostriatum  (figs.  25,  38, 
56).  It  is  bounded  mesially  by  the  precommissural  body,  dor- 
sally  by  the  primordium  hippocampi  and  on  the  other  sides  by  the 
lateral  olfactory  nucleus.  Practically  all  parts  of  it  receive 
olfactory  fibers  of  the  second  order  and  it  is  largely,  therefore,  a 
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portion  of  the  mesal  and  lateral  olfactory  areas.  The  cells  of  the 
central  part  of  this  area  are  very  large  and  conspicuous  (fig.  44) 
and  are  quite  scattered  as  compared  with  the  cells  of  other  areas  of 
the  basal  lobes.  In  series  stained  by  cj'tological  methods,  such  as 
toluidin  blue  or  thionin,  it  is  easy  to  demonstrate  that  there  is  a 
gradual  transition  from  these  conspicuous  cells  to  those  tj^pical 
of  the  lateral  olfactory  area. 

According  to  the  Golgi  method,  neurones  of  the  central  portions 
of  the  palaeostriatum  appear  very  large,  with  comparatively 
enormous  perikarya,  and  with  long,  thick,  very  thorny  dendrites 
(figs.  50,  51).  In  shape,  the  perikarya  vary  from  short,  flask- 
shaped  to  pyramidal  (fig.  45). 

There  is  shown  in  Golgi  preparations  the  same  transition 
between  the  area  olfactoria  lateralis  and  the  palaeostriatum,  as 
in  toluidin  blue  or  thionin  preparations.  One  may  note  a  gradual 
change,  in  passing  from  the  periphery  centrally,  from  the  small, 
flask-shaped  cells  with  rather  inconspicuous  thorns,  to  the  large 
cells,  with  enormous  perikarya  and  thick,  thorny  processes;  more- 
over, now  and  then,  a  cell  of  the  palaeostriatal  type  will  be  found 
close  to  the  periphery,  or  a  small  lateral  area  cell  found  in  the  palae- 
ostriatum. A  large  proportion  of  the  cells  of  both  the  lateral 
olfactory  area  and  the  palaeostriatum  send  their  neurites  into  the 
basal  forebrain  bundle,  the  different  parts  of  which  will  be  taken 
up  later.  The  neurites  of  the  cells  of  the  nucleus  teniae,  however, 
enter  the  tractus  teniae.  Many  of  the  cells  of  these  two  areas  are 
apparently  association  cells,  functioning  not  onlj'  to  bring  differ- 
ent parts  of  the  same  area,  but  also  adjacent  areas,  such  as  lateral 
olfactory  area,  palaeostriatum  and  corpus  preconmiissurale,  into 
relation.  Such  is  apparently  the  function  of  some  of  the  cells  of 
the  type  shown  in  figs.  50,  51. 

The  word  'palaeostriatum'  is  not  used  in  quite  the  same  sense 
as  it  is  used  by  Kappers,  as  will  be  noted  from  the  preceding  dis- 
cussion, Kappers  believes  that  the  palaeostriatum  is  closelj^  con- 
nected with  the  olfactory  apparatus,  but  receives  no  somatic  sen- 
sory connections  from  the  thalamus,  which  it  probably  does  receive 
in  the  teleosts.  The  term  as  here  used  indicates  that  a  structure  is 
found  in  the  teleosts,  closely  related  to  the  secondary  olfactory 
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centers,  and  morphologically  related  to  a  part,  at  least,  of  the  cor- 
pus striatum  of  higher  forms. 

(e)  Nucleus  commissuralis  lateralis.  Situated  in  the  ventro- 
medial portion  of  each  basal  lobe,  in  the  region  of  the  anterior 
commissure,  at  either  end  of  the  commissure  is  a  small  compact 
nucleus  of  fairly  large,  closely  packed  cells  (figs.  38,  56).  No 
references  to  it  in  the  literature  have  been  noted;  it  has,  therefore, 
been  termed  the  nucleus  commissuralis  lateralis,  owing  to  its 
location,  laterally  at  the  level  of  the  anterior  commissure. 

(f)  Nucleus  preoptions.  Immediately  caudal  to  the  anterior 
commissure  there  appears  ventrally  the  recessus  preoptions  of  the 
third  ventricle  (fig.  56).  Surrounding  this,  on  either  side,  and 
passing  rostrally  insensibly  into  the  pars  supracommissuralis, 
is  the  nucleus  preoptions,  ^his  nucleus  is  composed  of  cells  of 
two  types;  at  the  level  of  the  caudal  margin  of  the  hemispheres  is  a 
dense  mass  of  cells  bordering  the  median  ventricle;  its  cells  are  some 
of  the  largest  in  the  brain  (fig.  71),  and  are  flask-shaped  with  their 
bases  directed  toward  the  ventricle  and  most  of  their  processes 
extending  laterally  and  ventro-laterally  (figs.  67,  70,71).  This  is 
here  termed  the  pars  magnocellularis  of  the  nucleus  preoptions. 
Rostral  to  this  nucleus,  continuous  with  the  pars  supracommis- 
suralis, is  a  nucleus  of  small  cells  (fig.  64) .  This  group  of  cells 
extends  caudally,  lateral  to  the  pars  magnocellularis,  gradually 
curving  around  it  caudally,  thus  enclosing  the  nucleus  magnocel- 
lularis on  three  sides.  In  contradistinction  to  the  nucleus  mag- 
nocellularis this  is  called  the  pars  parvocellularis  of  the  nucleus 
preopticus.  To  the  portions  rostral,  lateral  and  caudal  to  the 
pars  magnocellularis  are  assigned  the  suffixes,  anterior,  lateralis 
and  posterior,  respectively  (figs.  64,  66,  67,  70,  78).  This  nucleus 
extends  caudally  to  the  region  of  the  fibrae  ansulatae. 

In  Golgi  preparations  the  pars  parvocellularis  shows  cells  of 
several  types,  resembling  closely  the  various  kinds  of  small  cells 
of  the  corpus  precommissurale. 

The  nucleus  preopticus  was  recognized  by  C.  L.  Herrick  in  1892. 
Herrick  saw  both  the  large  and  small  cells  and  applied  the  name 
nidulus  praeopticus  to  the  larger  portion  of  the  nucleus;  it  is 
probable,  however,  that  his  nucleus  postoptious  contains  a  por- 


198 


RALPH  EDWARD  SHELDON 


tion  of  the  cells  here  included  under  the  name  nucleus  preopticus. 
Bela  Haller  noted  the  same  group  of  cells  and  termed  it  the 
nucleus  posterior  of  the  forebrain.  Johnston  ('98)  and  ('01)  found 
a  nucleus  bordering  the  recessus  preopticus  and  termed  it  the 
nucleus  thaeniae  owing  to  the  fact  that  he  observed  fibers  passing 
from  it  to  the  habenula,  and  that,  therefore,  it  is  ('98)  "a  nucleus 
corresponding  to  the  nucleus  occipito-basalis  of  (C.  L.)  Herrick 
and  the  nucleus  thaeniae  of  Edinger"  in  reptiles.  This  view  is 
untenable  as  will  be  pointed  out  later.  Johnston  probably  recog- 
nized the  fact,  as  he  terms  it  nucleus  praeopticus  in  his  'Nervous 
System'  ('06).  Kappers  noted  the  large  cells  and,  following  Her- 
rick, named  the  group,  nucleus  praeopticus.  Goldstein,  follow- 
ing the  descriptions  of  Edinger  for  the  brains  of  reptiles  and  birds, 
applied  the  names  magnocellularis  and  parvocellularis  strati  grisei 
■  to  the  two  components  of  the  nucleus. 

(g)  Nucleus  entopeduncularis.  Appearing  innnediately  cau- 
dal to  the  nucleus  commissuralis  lateralis  is  a  group  of  very  small 
cells  (fig.  65),  lying  embedded  in  the  basal  forebrain  bundle  (figs. 
66,  67,  68,  70).  This  is  the  nucleus  entopeduncularis  of  Gold- 
stein. 

3.    THE  DIENCEPHALON 

a.  Rostral  limits 

The  division  of  the  vertebrate  brain  into  transverse  segments, 
with  a  clear  definition  of  their  limits,  is  a  matter  of  considerable 
difficulty,  particularly  since,  as  Johnston  and  C.  J.  Herrick  have 
pointed  out,  most  of  the  important  morphological  centers  and 
fiber  connections  are  arranged  in  longitudinal  columns.  The 
question  of  the  caudal  boundary  of  the  telencephalon  ventrally 
is  still  unsettled,  some  authors  considering  the  pedunculi  thalami, 
caudal  to  the  anterior  commissure,  part  of  the  diencephalon, 
others  placing  the  rostral  hmits  of  the  'tween-brain  behind  the 
optic  chiasma  in  the  adult.  Dorsally  the  caudal  margin  of  the 
velum  transversum  has  long  been  considered  the  limit  of  the  fore- 
brain. Johnston  recently  ('09)  has  taken  up  the  subject  in  some 
detail  and  his  interpretation  is  here  followed;  according  to  which 
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the  caudal  limits  of  the  forebrain  include  the  velum  transversum 
and  the  optic  chiasma.  The  pedunculi  thalami,  the  praethalamus 
of  C.  L.  Herrick,  are  included  in  the  telencephalon,  and  their  cen- 
ters have  already  been  described  (nucleus  preopticus  and  nucleus 
entopeduncularis) . 

Most  writers  on  the  brains  of  fishes  have,  however,  included 
these  structures  in  the  diencephalon ;  in  fact  even  under  the  inter- 
pretation here  followed,  the  pars  parvocellularis  posterior  of  the 
nucleus  preopticus  extends  into  the  diencephalon,  since  it  reaches 
caudally  to  the  level  of  the  fibrae  ansulatae. 

h.  Gross  morphology 

The  diencephalon  in  the  carp  is  of  the  typical  teleostean  type. 
Immediately  caudal  to  the  velum  transversum,  the  diatela  is 
thrown  into  a  convoluted  folded  epithelial  sac,  extending  ros- 
trally  over  the  membranous  pallium  of  the  hemispheres,  forming 
the  saccus  dorsalis,  post- velar  arch,  or  Zirbelpolster  (figs.  68,  73). 
This  is  an  extremely  vascular  structure,  formed  by  the  covering  of 
pia  mater  and  a  lining,  continuous  with  the  ependyma  of  the  third 
ventricle.  Arising  immediately  caudal  to  the  saccus  dorsalis, 
with  the  caudal  wall  of  the  one  practically  adherent  to  the  rostral 
wall  of  the  other,  is  the  epiphysis  or  pineal  body.  This  is  a  small 
elongated  tubular  organ  extending  rostrally,  suspended  in  the 
folds  of  the  dorsal  sac.  Its  epithelium,  while  an  extension  of  that 
of  the  ependyma,  is  glandular  in  type.  Lying  embedded  in  the 
membranous  wall  between  the  dorsal  sac  and  the  epiphysis,  is 
found  the  commissura  habenularum,  or  commissura  superior.  At 
the  caudal  base  of  the  epiphysis  is  found  the  commissura  posterior, 
between  it  and  the  tectum  opticum. 

The  diencephalon  is  commonly  subdivided  into  epithalamus, 
hypothalamus  and  thalamus.  The  latter  has  been  divided  by 
C.  J.  Herrick  ('10),  following  Ilam6n  y  Cajal,  into  pars  dorsalis 
(sensory  correlation  centers)  and  pars  ventralis  (motor  correlation 
centers).  The  epithalamus  of  the  carp  is  distinct;  the  other  parts 
are  so  confused  that  further  embryological  study  will  probably  be 
necessary  to  effect  this  separation;  and  the  assignment  of  the  differ- 
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ent  nuclei  and  fiber  tracts  to  these  regions  in  this  paper  must  be 
regarded  as  provisional,  particularly  with  respect  to  the  centers 
lying  within,  and  immediately  dorsal  to,  the  lateral  parts  of  the 
inferior  lobes. 

The  inferior  lobes  consist  of  an  unpaired  pars  medialis,  which  is 
clearly  hypothalamic,  and  paired  partes  laterales,  the  lateral 
lobes,  which  apparently  belong  chiefly  to  the  pars  ventraUs 
thalami. 

The  lobi  laterales  are  widely  separated  rostrall}^  by  the  inter- 
posed lobus  medius,  while  they  meet  one  another  caudal  to  it. 
Caudally  a  furrow  appears  on  the  ventral  aspect  of  the  lateral  lobes, 
the  sulcus  mammillaris  of  Goldstein  (fig.  4).  The  prominence  of 
the  lobes  mesal  to  the  two  sulci,  is  due  to  the  development  dor- 
sally  of  the  corpora  mammillaria  of  Goldstein  (fig.  117).  Later- 
ally, each  inferior  lobe  shows  several  lobes  and  sulci,  varying  some- 
what in  different  individuals.  Rostrally  the  great  size  of  the 
nucleus  prerotundus  and  nucleus  rotundus  causes  the  development 
of  a  shght  protuberance,  appearing  on  the  outside  of  the  lobe  (fig. 
3).  Further  caudally  the  nucleus  cereb^llaris  hypothalami  gives 
rise  to  a  similar  enlargement  (fig.  3) .  The  lobus  medius  consists 
of  the  tuber  cinereum  rostrally,  and  the  pars  infundibularis 
caudally. 

Extending  ventro-rostrally  from  the  tub?r  is  found  the  hypo- 
physis, consisting  of  the  two  conspicuous  solid  lobes,  separated  by 
a  circular  constriction;  a  rostral  pars  glandularis  and  a  caudal 
pars  nervosa.  Ventrally  these  are  separated  into  sjT^imietrical 
parts  by  a  longitudinal  median  furrow  (fig.  4).  Extending  cau- 
dally from  the  caudal  margin  of  the  pars  ir.fundibularis  of  the  lobus 
medius  is  a  narrow,  thin,  glandular,  men.branous  sac,  the  saccus 
vasculosus,  opening  into  the  infundibular  cavity  (fig.  4). 

The  median  cavity  of  the  forebrain  extends  caudally  and  ven- 
trally between  the  two  pedunciili  thalami  and  thalamus  proper, 
giving  rise  to  diverticula  which  penetrate  the  lateral  lobes.  (For 
a  more  detailed  account  of  the  ventricles  of  the  teleostean  infe- 
rior lobes  see  Goldstein  ('05),  pp.  189-195,  figs.  13-19;  Edinger 
('08),  fig.  171.) 
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(1)  Epithalamus.  The  epithalamus  of  the  carp  is  easily  defined, 
consisting  of  the  saccus  dorsahs  and  epiphysis  and  the  habenular 
centers,  including  the  two  habenular  gangha,  the  habenular  decus- 
sation, or  commissure  and  the  nucleus  posthabenularis,  together 
with  their  connections. 

The  ganglia  habenularum  are  very  conspicuous  in  the  carp, 
protruding  for  half  their  diameter  into  the  median  cavity  (figs, 
78,  81).  Their  cells  are  small  and  evenly  distributed  but  thrown 
into  groups  or  islands  by  the  fibers  of  the  tractus  olfacto-habenu- 
laris  and  the  fasciculus  retroflexus  (figs.  78,  81).  As  seen  in  Golgi 
preparations,  the  cells  are  very  characteristic,  of  the  type  normal 
throughout  the  vetebrate  series  (fig.  75) . 

Nucleus  posthabenularis.  .  Immediately  ventral  to  the  habenu- 
lar ganglia,  the  cells  of  the  one  continuous  with  the  cells  of  the 
other,  lies  the  nucleus  posthabenularis,  'das  posthabenulare 
Zwischenhirngebiet'  of  Goldstein,  the  'posthabenulare  Zwisch- 
enhirngegend'  of  Bela  Haller,  Meynert's  nucleus  of  reptiles 
(figs.  78,  81).  Rostrally,  it  becomes  continuous  with  the  nucleus 
intermedins  (fig.  70),  while  caudally  it  extends  beyond  the  level 
of  the  commissura  posterior  (fig.  84)  always  holding  a  position  close 
to  the  median  ventricle  and  ventral  to  the  fasciculus  retroflexus. 

(2)  Thalamus.  At  the  level  of  the  habenulae,  there  appear  on 
either  side,  immediately  ventral  to  the  arch  of  the  tectum,  the 
corpora  geniculata  lateralia.  Mesal  to  the  lateral  geniculate 
body  lies  the  nucleus  anterior  thalami  of  Goldstein  (figs.  78,  81). 
This  is  easily  recognized,  owing  to  its  large  size  and  its  character- 
istic appearance,  showing  a  ring  of  cells  about  its  periphery  (fig. 
81). 

Nucleus  rotundus  and  associated  centers.  One  of  the  most 
important  parts  of  the  thalamus,  and  at  the  same  time  one  of  the 
most  difficult  to  understand  in  all  its  relations,  is  the  region  of 
the  nucleus  rotundus.  Owing  to  its  prominence,  it  has  been  noted 
by  nearly  every  writer  on  the  teleostean  brain.  It  was  described 
by  Fritsch  and  called  by  him  the  nucleus  rotundus ;  Bellonci  used 
the  same  term,  while  C.  L.  Herrick  termed  it  the  nucleus  ruber. 
Goldstein  assigns  the  name  nucleus  ventralis  thalami  to  this 
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whole  region,  although  he  shows  both  in  his  figures  and  descrip- 
tions that  it  contains  different  groups  of  cells  with  different  char- 
acteristics. Kappers  ('06)  pointed  out  that  the  center  previously 
described  as  nucleus  rotundus  is  really  made  up  of  several  char- 
acteristic groups  of  cells.  That 

situated  most  dorsally,  proximally  and  laterally,  is  the  nucleus  praero- 
tundus.  This  group  ....  gradually  passes  backward  into  a 
much  larger  group  situated  under  and  lateral  to  the  level  of  the  nucleus 
rotundus  and  ending  where  the  real  nucleus  rotundus  has  its  largest 
size.  This  latter  group,  which  belongs  entirely  to  the  lobi  inferiores, 
I  shall  distinguish  as  the  nucleus  subrotundus  from  the  nucleus  rotundus 
proprius,  as  it  extends  in  part  under  the  real  nucleus  rotundus  so  that 
the  com.  horizontalis,  before  it  enters  the  lower  border  of  the  latter,  lies 
for  some  distance  over  it  and  between  it  and  the  nucleus  rotundus  pro- 
prius. 

This  separation  of  the  nucleus  rotundus  of  the  earlier  authors 
into  three  different  components  is  a  matter  of  considerable  mor- 
phological importance,  as  will  be  brought  out  later.  Kappers' 
description  applies  in  a  general  way  to  the  relations  in  the  carp, 
with  some  important  modifications. 

kt  the  level  of  the  rostral  margin  of  the  lateral  lobes,  the  nucleus 
prerotundus  appears  ventro-laterally  imnaediately  ventro-lateral 
to  the  commissura  transversa  (fig.  78).  It  consists  here  of  a 
fairly  compact  mass  of  irregularly  shaped  cells  of  medium  size. 
A  short  distance  further  caudally  this  nucleus  Hes  wedged  in 
between  the  lateral  lobe  and  the  commissura  transversa.  Dorso- 
laterally  it  forms  a  small  protuberance  on  the  lateral  sm'face  of 
the  brain  (fig.  81).  From  this  point  the  nucleus  prerotundus 
extends  caudo-mesially  to  the  region  of  the  nucleus  posterior 
tuberis.  It  may  be  compared  in  shape  to  the  caudate  nucleus  in 
the  human  brain,  with  a  large  and  conspicuous  head  rostrally, 
gradually  diminishing  in  size  caudo-mesally  (figs.  84,  89,  103, 106). 

The  nucleus  rotundus  proprius  is  by  far  the  largest  and  most 
conspicuous  nucleus  of  the  thalamic  region.  It  appears  rostrally 
at  about  the  rostral  margin  of  the  commissura  posterior  and  ex- 
tends caudo-mesally,  lateral  to  the  nucleus  prerotundus,  almost 
to  the  commissura  ansulata,  meeting  the  corpus  mammillare 
ventro-mesially  (figs.  84,  89,  103,  106,  117). 
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Ventrally  of  the  nucleus  rotundus,  extending  caudo-laterally 
from  the  level  of  the  nucleus  posterior  tuberis,  to  the  level  of  the 
caudal  margin  of  the  corpus  mammillare,  lies  the  nucleus  subro- 
tundus  (figs.  106,  117). 

When  the  three  components  of  the  nucleus  are  considered  to- 
gether, it  is  noted  that  the  nucleus  prerotundus  forms  a  cap  over 
the  rostro-mesal  surface  of  the  nucleus  rotundus  (fig.  84),  decreas- 
ing in  transverse  diameter  as  the  latter  increases  in  size  (fig.  89) . 
At  approximately  the  level  where  the  nucleus  prerotundus  ends, 
the  nucleus  subrotundus  is  beginning  to  appear,  embedded  in  the 
nucleus  rotundus  ventro-laterally  (fig.  106).  Further  caudally 
(fig.  117),  since  the  nucleus  rotundus  extends  caudo-mesally 
while  the  nucleus  subrotundus  extends  caudo-laterally,  the  two 
come  to  lie  approximately  in  the  same  horizontal  plane,  one  lateral 
to  the  other,  the  nucleus  rotundus  merging  into  the  dorsal  margin 
of  the  corpus  mammillare;  the  nucleus  subrotundus  similarly 
ending  in  the  nucleus  cerebellaris  hypothalami  and  losing  its 
typical  shape  and  appearance  (see  figs.  136-140,  for  a  horizontal 
projection  of  these  nuclei). 

In  addition  to  their  conspicuous  size,  the  nuclei  rotundi  show 
a  characteristic  structure,  hardly  fully  brought  out  in  any  of  the 
drawings.  The  nucleus  prerotundus  throughout  most  of  its 
extent  is  composed  of  rather  large  scattered  cells,  together  with 
small  numbers  of  various  smaller  sized  cells  (fig.  85)  showing 
faintly  between  them.  Several  of  the  cells  from  Golgi  preparations 
are  shown  in  figs.  86  to  88.  The  cells  of  the  nucleus  rotundus 
are  smaller  and  more  nearly  of  the  same  size.  They  are  always 
scattered  in  groups  or  islands,  giving  a  characteristic  appearance 
to  the  nucleus  (fig.  90).  Figs.  91  to  94  show  several  from  Golgi 
preparations.  The  nucleus  prerotundus  and  rotundus  combined 
form  the  '  kleinzellige'  portion  of  the  nucleus  ven trails  thalami  of 
Goldstein.  The  most  easily  recognizable"  of  these  nuclei  is  the 
nucleus  subrotundus,  owing  to  its  extremely  characteristic  appear- 
ance near  its  rostral  end,  or  head.  There,  as  shown  in  figs.  106  and 
107,  it  presents  a  circular  appearance  in  transection,  with  its  cells 
grouped  in  the  center  and  surrounded  by  a  clear  peripheral 'area. 
The  cells  average  larger  than  those  of  the  remaining  two  nuclei 


1 


204  RALPH  EDWARD  SHELDON 

and  are  noticeably  so  in  its  caudal  part,  where  they  become  large, 
spindle  shaped  or  pyramidal,  as  the  nucleus  cerebellaris  hypo- 
thalami is  approached.  This  nucleus  corresponds  to  the  'gross- 
zellige'  portion  of  the  nucleus  ventralis  thalami  of  Goldstein. 
By  the  Weigert  or  Ramon  y  Cajal  methods  the  nucleus  prero- 
tundus  and  rotundus  show  a  peculiar  blotched  appearance,  due 
to  the  presence  of  small  bundles  of  fine  fibers  scattered  between 
the  islands  of  cells;  fig.  102  brings  this  out  fairly  well. 

Nucleus  posterior  thalami.  Lateral  to  the  nucleus  rotundus, 
at  the  level  of  the  nucleus  posterior  tuberis,  is  a  nucleus  of  very 
large  ganglion  cells,  the  nucleus  posterior  thalami,  the  'Vereins- 
gebiet'  of  Bela  Haller  (figs.  103,  106,  117).  This  gradually  in- 
creases in  size  caudally  finally  disappearing  in  the  nucleus  cere- 
bellaris hypothalami.  Its  cells  are  particularly  large  as  shown  in 
fig.  109  from  a  toluidin  blue  preparation  and  figs.  110  to  113  from 
Golgi  preparations. 

Nucleus  ruber  tegmenti.  Dorso-mesal  to  the  caudal  part  of 
the  nucleus  posterior  thalami,  and  dorsal  to  the  nucleus  subro- 
tundus  is  a  nucleus  of  extremely  large  cells,  the  nucleus  ruber 
tegmenti  of  Goldstein  (fig.  117). 

The  remaining  centers  of  the  thalami  are  omitted  from  con- 
sideration in  this  article  as  they  have  no  special  connection  with 
the  olfactory  apparatus  and  are  not  necessary  for  pm'poses  of  orien- 
tation. This  includes  the  nucleus  dorsalis  of  Goldstein,  the  nucleus 
corticalis  of  Kappers,  the  nucleus  praetectalis,  and  nucleus  inter- 
medius  of  Goldstein. 

(3)  Hypothalamus.  The  hypothalamus  consists  of  the  lobus 
medius  and  part  of  the  lobi  laterales  of  the  inferior  lobes  (figs. 
3,  4) ,  together  with  their  included  centers  and  connections,  and 
the  hypophysis.  The  lobus  medius  consists  rostrally  of  the  tuber 
cinereum  and  caudally  of  the  pars  infundibularis.  Ventro-ros- 
trally,  as  previously  noted,  is  given  off  the  hypophysis,  while 
extending  caudally  from  the  pars  infundibularis,  is  found  the 
saccus  vasculosus. 

Nucleus  anterior  tuberis.  A  single  group  of  cells,  the  nucleus 
anterior  tuberis,  makes  up  the  larger  part  of  the  rostral  portion 
of  the  lobus  medius  (figs.  81,  84,  89).    This  is  composed  of  smay 
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cells,  appearing  as  a  core  in  the  center  of  the  nucleus  (figs.  84, 
89) .  Rostrally,  the  nucleus  anterior  tuberis  is  continuous  past  the 
fibrae  ansulatae,  Herrick's  commissure,  etc.,  into  the  nucleus 
preopticus,  pars  parvocellularis  posterior.  Caudally,  the  nucleus 
ends  at  the  level  of  the  lateral  ventricular  diverticula,  leading  to 
the  lobi  laterales  (figs.  100,101).  See  also  Edinger  ('08),  fig.  171 ; 
Goldstein  ('05),  text-fig.  16. 

Nucleus  posterior  tuberis.  Dorsad  of  the  diverticula  the  nu- 
cleus anterior  tuberis  passes  caudally  into  the  nucleus  posterior 
tuberis,  immediately  ventral  to  the  tuberculum  posterius  (Hau- 
benwulst)  (fig.  103).  This  is  a  nucleus  of  small  cells,  similar  in 
appearance  to  those  of  the  nucleus  anterior  tuberis,  although  its 
cells  are  more  evenly  distributed. 

Nucleus  ventralis  tuberis.  Appearing  rostrally,  immediately 
ventral  to  the  commissura  horizontalis,  is  a  nucleus  of  enormous 
cells,  not  hitherto  described  in  the  literature,  which  is  here  termed 
the  nucleus  ventralis  tuberis  (fig.  78).  It  continues  for  a  short 
distance  caudally,  lying  close  underneath  the  median  ventricle 
and  gradually  diminishing  in  size  (figs.  81,  84). 

Nucleus  lateralis  tuberis  Laterally,  appearing  immediately 
caudal  to  the  commissura  horizontalis,  at  the  ventro-lateral  mar- 
gin of  the  nucleus  anterior  tuberis,  occurs  a  closely  packed  group 
of  large  cells,  the  nucleus  lateralis  tuberis  (fig.  84) .  This  is  found 
only  for  a  short  distance  at  the  level  of  attachment  of  the  hypo- 
physis. 

Nucleus  ventricularis.  Close  to  the  median  ventricle,  parti- 
cularly as  far  caudal  as  its  diverticula,  may  be  seen  a  layer  of 
densely  packed  cells  close  against  the  ependyma.  Similar  cells 
may  be  noted  adjacent  to  the  median  ventricle  rostrally,  even 
before  the  anterior  commissure.  The  same  condition  holds 
also  for  the  walls  of  the  lateral  diverticula  into  the  lobi  laterales. 
It  is  noticeable  that  wherever  these  cells  are  found  the  ependyma 
consists  of  higher  columnar  cells  than  in  other  regions.  These 
probably  belong  to  the  apparatus,  described  by  Johnston,  for 
the  regulation  of  blood  pressure  in  the  brain. 

Nucleus  diffusus  lobi  lateralis.  Throughout  the  peripheral 
portion  of  the  lobi  laterales,  particularly  laterally  and  ventrally, 
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is  an  evenly  distributed  area  of  small  cells,  forming  the  nucleus 
diffusus  lobi  lateralis  of  Goldstein,  the  substantia  grisea  lobi  infe- 
rioris  of  Kappers,  who  divides  it  into  a  pars  anterior  and  a  pars 
posterior  (figs.  78,  81,  84,  89,  103,  106,  117).  The  ceUs,  as  shown 
in  Golgi  preparations,  possess  elliptical  or  fiask-shaped  perikarya, 
with  many  finely  spiny  dendrites,  resembling  somewhat  the  undif- 
ferentiated cells  of  the  area  olfactoria  lateralis.  A  number  of  the 
cells  are  shown  in  figs.  95  to  99.  This  undifferentiated  area  is 
evidently  the  primitive  structure  of  the  lateral  lobes  from  which 
its  nuclei  have  been  gradually  evolved.  (Compare  the  condition 
of  ganoids,  according  to  Johnston.) 

Nucleus  cerebellaris  hypothalami.  Appearing  rostrally,  at 
approximately  the  middle  of  the  longitudinal  extent  of  the  lateral 
lobes,  occurs  a  nucleus  of  large  evenly  distributed,  scattered  cells, 
the  nucleus  cerebellaris  hypothalami  of  Goldstein  (fig.  89).  This 
extends  caudally  and  laterally,  gradually  increasing  in  size  until 
it  occupies  a  large  part  of  the  transverse  diameter  of  each  lateral 
lobe  (figs.  89,  103,  106,  117).  It  extends  practially 'to  the  caudal 
part  of  each  lobe,  laterally.  A  small  area,  under  high  power,  is 
shown  in  fig.  108. 

Corpus  mammillare.  The  only  remaining  center  of  importance 
in  the  lobi  laterales  is  the  ganglion  mammillare  of  Goldstein. 
Rostrally  and  dorsally  it  meets  the  tail  of  the  nucleus  rotundus; 
thence  it  extends  caudally,  always  adjacent  to  the  median  wall 
of  the  caudal  portion  of  each  lobe  (fig.  117),  practically  to  the  tip 
of  the  lobes.  It  is  composed  of  very  small,  closely  packed,  evenly 
distributed  cells  of  characteristic  form  (figs.  118,  toluidin  blue; 
119  to  121,  Golgi).  Where  this  nucleus  comes  into  contact  with 
the  nucleus  rotundus  the  two  may  be  easily  distinguished  hy  the 
difference  in  the  size  and  arrangement  of  the  cells. 

In  Weigert  preparations  the  corpus  mammillare  is  easily  dis- 
tinguished, owing  to  the  large  number  of  fine  medullated  fibers 
found  in  it,  giving  it  a  finely  reticular  appearance. 

A  number  of  the  cell  groups  here  introduced  will  not  be  fur- 
ther considered  but  have  been  mentioned  in  order  to  give  an 
accurate  understanding  of  the  relations  of  the  different  centers. 


4 


OLFACTORY  CENTEKS  IN  TELEOSTS  207 
4.   THE  FIBER  TRACTS 

*  a.  Crural  tracts 

The  olfactory  neurones  of  the  first  order  from  the  olfactory 
mucous  membrane  to  the  olfactory  bulbs  and  their  connections 
at  that  point  have  already  been  described.  The  connections 
between  the  bulbs  and  hemispheres  will  next  be  considered.  It 
has  long  been  known  that  the  fibers  of  the  olfactory  tracts  pass 
between  the  bulbs  and  olfactory  lobes  in  two  bundles;  Bellonci 
was  the  first  to  divide  the  tracts  into  a  medial  and  a  lateral. 
C.  L.  Herrick  in  1891  brings  out  clearly  the  morphological  rela- 
tions of  these  two  tracts,  which  he  calls  the  radix  lateralis  aijd  the 
radix  mesalis.  He  points  out  that  the  radix  lateralis  passes 
directly  from  the  bulbs  to  the  caudo-lateral  part  of  each  basal 
lobe,  which  he  terms  hippocampus,  and  that  the  radix  mesalis 
decussates  in  the  anterior  commissure.  Edinger  ('96)  figures  a 
horizontal  projection  of  the  basal  lobes  of  the  carp,  in  which  he 
traces  the  lateral  tract,  called  by  him  the  tractus  bulbocorticalis, 
into  a  region  termed  the  area  olfactoria,  while  the  median  olfac- 
tory bundle,  or  tractus  bulbo-epistriaticus,  ends  partly  in  the  epi- 
striatum  of  the  same  side,  and  partly  decussates  in  the  anterior 
commissure.  Catois  ('01)  identifies  the  same  two  bundles  as 
'Le  faisceau  externe'  and  'Le  faisceau  interne.'  Catois  is  the 
first  to  point  out  that  the  medial  tract  consists  of  both  centri- 
petal and  centrifugal  fibers.  He  agrees  with  Edinger  that  it  is 
partly  crossed  and  partly  uncrossed.  Bela  Haller  likewise  identi- 
fies the  two  tracts.  Goldstein  ('05)  has  worked  out  the  relations 
of  the  bundles  in  more  detail  than  his  predecessors,  and  finds  that 
the  lateral  tract,  'laterale  Riechstrahlung,'  originates  in  the  lobus 
olfactorius  anterior  and  ends,  largely  uncrossed,  in  the  lobus 
olfactorius  posterior,  pars  lateralis,  while  a  few  fibers  decussate 
in  the  anterior  commissure  to  end  in  the  same  area  on  the  opposite 
side.  The  'mediale  Riechstrahlung'  is  formed,  according  to 
Goldstein,  entirely  from  centripetal  fibers,  which  run  in  several 
distinct  bundles.  The  more  lateral  originates  in  the  lobus  olfac- 
torius anterior,  and  decussates  in  the  anterior  commissure  to 
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fend  in  the  lobus  olfactorius  posterior,  pars  lateralis,  of  the  oppo- 
site side.  The  remaining  two  bundles  originate  from  the  formatio 
bulbaris;  the  more  medial  forms  the  commissura  olfactoria  inter- 
bulbaris,  while  the  more  lateral  ends  in  the  lobus  olfactorius 
posterior,  pars  medialis,  in  which  are  confused  the  preconmiissural 
body  and  the  epistriatumof  Edinger.  Kappers  ('06)  observes  two 
different  conditions  in  the  teleosts  examined  by  him.  The  lateral 
tract,  or  radix  olfactoria  lateralis,  always  ends  in  the  area  olfactoria 
posterior  lateralis  (area  olfactoria  of  Edinger) ;  in  Gadus.  Thjmnus 
and  Lophius  it  ends  on  the  same  side,  however,  while  in  Salmo 
it  decussates  in  the  anterior  commissure  to  end  in  the  opposite 
side.  ^  Kappers  also  finds  that  the  medial  tract  is  composed  of 
two  parts,  a  medial  tractus  olfacto-lobaris  mediahs  and  a  lateral 
radix  olfactoria  medialis  propria.  He  finds  that  both  sets  of 
fibers  decussate  and  that  most  of  them  end  in  the  area  olfactoria 
posterior  medialis,  here  termed  epistriatum,  although  a  few  in 
Salmo  may  end  in  the  lateral  area. 

In  none  of  the  previous  work  on  these  tracts  in  fishes  have  all 
of  the  connections  been  brought  out.  This  is  undoubtedly  due, 
in  part,  to  the  lack  of  a  detailed  study  of  the  olfactory  bulb  and 
in  part  to  a  failure  to  learn  the  direction  of  the  different  compo- 
nents by  the  use  of  the  Golgi  method. 

The  olfactorj^  crura  in  the  carp,  as  previously  noted,  are  very 
long  and  in  transections  at  different  levels,  the  apparent  number 
of  tracts  varies  considerably.  In  some  sections  only  one  or  two 
bundles  will  appear,  while  in  others  ten  or  twelve  may  be  seen. 
In  order  to  determine  the  number  and  relations  of  these  bundles, 
plots  were  made  of  several  complete  series  of  serial  sections  of  the 
crura,  showing  the  number  of  bundles  appearing  in  each  section 
and  their  relation  to  one  another.  Micrometer  measurements 
were  used  to  determine  the  relations  in  all  doubtful  cases;  that  is 
to  say,  whenever  in  one  section  two  bundles  were  found,  and 
in  the  next  section  three,  measurements  were  taken  if  there  was 
any  doubt  as  to  which  of  the  two  gave  rise  to  the  thu-d.  In  this 
way,  it  is  possible  to  determine  the  number  of  important  fiber 
bundles  in  the  crura  and  by  tracing  them  to  their  origin  and  ter- 
mination, learn  their  relation  to  the  centers  of  the  bulbs  and  basal 
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lobes.  Thus  it  is  shown  that  instead  of  a  radix  mediahs  and  a 
radix  lateralis  there  are  nine  distinct  fiber  bundles  running  through- 
out the  crura  (figs.  123,  124,  22,  23). 

(1)  Tractus  olfadorius  lateralis.  The  lateral  tract,  the  trac- 
tus  olfactorius  lateralis,  consists  of  three  bundles,  a  pars  lateralis, 
pars  intermedia  and  pars  medialis.  These  are  composed  entirely 
of  centripetal  fibers,  arising  largely  from  mitral  cells  of  the  lateral 
part  of  each  bulb.  A  few  fibers,  however,  arise  from  stellate 
cells  more  centrally  placed  (fig.  124) .  The  tractus  olfactorius 
lateralis,  pars  lateralis  originates,  chiefly  in  this  way,  from  stel- 
late cells  of  the  nucleus  olfactorius  anterior,  a  few  of  its  fibers 
arising,  however,  from  peripheral  mitral  cells  (figs.  124,  137). 
The  tractus  olfactorius  lateralis,  pars  intermedia  is  the  largest 
and  most  important  of  the  three.  Part  of  its  cells  of  origin  lie 
in  the  nucleus  olfactorius  anterior,  while  the  larger  proportion 
are  mitral  cells  from  the  lateral  portion  of  the  bulb  rostrally  and 
dorsally  (fig.  6).  One  small  bundle  of  fibers  originates  from  the 
mesal  part  of  the  bulb,  crossing  dorsally  to  join  the  main  tractus 
olfactorius  lateralis,  pars  intermedia  (fig.  6).  The  tractus  olfac- 
torius lateralis,  pars  medialis  is  small  but  extends  throughout 
almost  the  entire  length  of  the  bulb,  arising  partly  from  mitral 
cells  and  partly  from  stellate  cells  of  the  nucleus  olfactorius 
anterior  (figs.  6,  124).  The  fibers  of  all  three  portions  of  the 
tractus  olfactorius  lateralis  pass  through  the  crura  (figs.  22,  23), 
and  gradually  spread  out  above  the  fissura  endorhinalis  (figs.  24, 
35)  to  end,  without  decussating,  in  the  lateral  olfactory  area 
of  the  basal  lobes  (fig.  137),  including  all  parts  of  the  nucleus 
pyriformis  and  nucleus  teniae.  Fibers  end  throughout  almost, 
the  entire  length  of  the  area,  the  fibers  ending  farthest  rostrally 
arising  from  the  tractus  olfactorius  lateralis,  pars  lateralis.  All 
three  tracts,  however,  give  off  fibers  to  all  parts  of  the  nucleus 
olfactorius  lateralis,  rostrally  of  the  sulcus  ypsiliformis.  A  larger 
proportion  of  the  fibers  of  all  three  bundles  end  farther  caudally, 
however,  in  the  nucleus  pyriformis,  beyond  the  sulcus  ypsili- 
formis, and  in  the  nucleus  teniae.  Golgi  preparations  show  that 
in  all  cases  the  fibers  bend  abruptly  dorsad  usually  branching 
at  their  termination.    The  termination  of  the  lateral  tract  in  the 
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basal  lobes  of  the  carp  is  similar,  therefore,  to  its  ending  in  the 
majority  of  other  teleosts;  it  has  been  possible,  however,  to  dem- 
onstrate fibers  from  the  tractus  olfaetorius  laterahs  in  the  dorsal 
and  dorso-lateral  region  of  the  basal  lobes,  called  by  Johnston 
('06)  the  epistriatum.  This  area  is,  therefore,  simply  a  part  of 
the  lateral  olfactory  area. 

(2)  Tractus  olfaetorius  medialis.  The  medial  olfactory,  de- 
scribed by  the  earlier  workers  as  a  single  tract,  and  by  the  most 
recent  as  two,  is  really  composed  in  the  carp  of  five  bundles  of 
widely  varying  relationships  (figs.  22,  23,  124,  136,  137). 

Tractus  olfaetorius  ascendens.  The  tractus  olfaetorius  ascen- 
dens  described  by  Kappers,  in  Salmo,  Gadus,  etc.  (radix  olfactoria 
medialis  propria)  as  a  centripetal  tract  is,  in  the  carp,  as  shown  by 
Golgi  preparations,  a  centrifugal  bundle,  originating  from  cells 
in  the  nucleus  medianus  (figs.  27  to  31).  Catois  described  the 
more  medial  portion  of  the  medial  tract  as  centrifugal,  but  other 
authors  have  been  unanimous  in  considering  all  excepting  a  few 
commissural  fibers  as  centripetal.  The  fibers  of  the  tractus 
oKactorius  ascendens  gather  from  all  parts  of  the  nucleus  medianus 
and  extend  rostrad  to  the  bulb  in  two  bundles  which  occupy  the 
middle  or  interrriediate  portion  of  the  base  of  each  crus  (figs.  24, 
23,  22).  On  reaching  the  olfactory  bulb  the  fibers  gradually 
spread  out,  and  end  in  the  nucleus  olfaetorius  anterior  (figs.  124, 
136). 

Tractus  olfaetorius  mediahs.  Medially  in  the  bulb  and  crus 
is  found  the  tractus  olfaetorius  mediahs.  This  originates  almost 
entirely  from  mitral  cells  and  contains  the  neurites  from  practi- 
cally all  the  mitral  cells  far  rostrally  in  the  bulb;  it  may  be  traced 
much  farther  rostrallj^  than  any  of  the  other  tracts  of  the  crus. 
Throughout  most  of  the  bulb  three  bundles,  belonging  to  this 
tract  may  be  identified  (for  two  of  them  see  fig.  6) ;  near  the  caudal 
margin  of  the  bulb,  however,  these  three  join  to  form  two,  which 
may  be  traced  separately  to  their  termination  in  the  basal  lobes. 
The  two  lateral  bundles  originate  almost  entirely  from  cells  at 
the  extreme  rostral  end  of  the  bulb,  joining  to  form  the  tractus 
olfaetorius  medialis,  pars  laterahs.  This  can  be  distinguished 
from  the  tractus  olfaetorius  medialis,  pars  medialis  throughout 
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the  entire  extent  of  the  crura;  for  a  short  distance  at  the  rostral 
end  of  the  basal  lobes  the  two  are  so  closely  joined,  however,  that 
it  is  difficult  to  identify  them  (figs.  24,  34) .  As  they  come  into 
proximity  to  the  anterior  commissure  they  again  separate,  the 
tractus  olfactorius  mediahs,  pars  lateralis  holding  a  position 
dorsal  to  its  smaller  companion  tract  (fig.  34) .  From  this  point 
caudad  it  extends  slightly  laterad  until  the  anterior  commissure 
is  reached,  when  it  largely  decussates  at  about  the  middle  of  the 
commissure,  to  end  in  the  lobus  pyriformis  of  the  opposite  side 
(figs.  35,  36,  55,  137).  This  agrees  with  the  more  lateral  por- 
tion of  the  'mediale  Riechstrahlung'  of  Goldstein  but  differs 
from  the  conditions  observed  by  Kappers,  excepting  for  a  few 
fibers  in  the  brain  of  Salmo.  A  small  number  of  fibers,  however, 
as  shown  by  Golgi  preparations,  leave  the  tract  before  its  decussa- 
tion to  end  in  the  nucleus  preoptions  (fig.  137)  and  the  pri- 
mordium  hippocampi.  The  tractus  olfactorius  medialis,  pars 
medialis  originates  from  mitral  cells  of  the  medial  surface  of  the 
bulb,  and  extending  to  the  basal  lobes,  decussates  ventral  to  and 
slightly  rostral  to,  the  tractus  olfactorius  medialis,  pars  lateralis 
(figs.  34,  35,  136).  This  forms  the  commissura  olfactoria  inter- 
bulbaris  of  Goldstein,  the  commissural  fibers  connecting  the 
two  olfactory  bulbs,  which  have  been  described  by  many  writers. 
In  Weigert  preparations  it  appears  as  if  these  fibers  actually  form 
a  commissure,  but  when  the  crossing  is  examined  in  Golgi  and 
Ram6n  y  Cajal  material,- it  is  found  that  a  large  part  of  the  fibers 
decussate  in  the  commissure  and  then  end  almost  immediately, 
while  a  few  terminate  at  the  commissure,  without  decussation. 
Many  fibers  terminate,  also,  in  the  pars  anterior  of  the  nucleus 
medianus,  the  pars  supracommissuralis  of  the  corpus  precommis- 
surale  and  possibly  in  the  primordium  hippocampi  of  the  same 
side.  It  can  not  be  stated  with  certainty  that  no  fibers  pass 
around  to  the  opposite  bulb;  commissural  fibers  have,  therefore, 
been  indicated  on  the  diagram  (fig.  124).  Kappers,  E dinger, 
Bellonci  and  others  have  noted  fibers  belonging  to  the  medial 
olfactory  tract,  and  ending  in  the  hypothalamus.  Such  an 
appearance  is  Hkewise  common  in  Weigert  preparations,  as  the 
fibers  of  the  tractus  olfactonus  mediahs,  pars  lateralis  appear 
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to  continue  in  the  tract u.s  olfacto-thalamicus  medialis.  Such  a 
condition  is  deceptive,  however,  as  no  such  fibers  could  be  demon- 
strated in  Golgi  or  Ramon  y  Cajal  preparations.  It  is  evident 
that  the  Weigert  preparations,  which  fail  to  show  the  fine  fibers 
as  they  approach  their  termination,  are,  therefore,  unrehable  in 
a  study  of  the  origin  and  termination  of  tracts,  or  the  relations  of 
two  closely  associated  bundles. 

(5)  Nervus  terminalis.  Earlier  a  group  of  ganglion  cells  belong- 
ing to  the  nervus  teminaUs  was  described.  As  shown  in  fig. 
124  the  neurites  of  these  cells  pass  mesad,  Ijang  for  a  distance 
between  the  two  bundles  of  the  olfactory  nerve,  along  the  mesal 
surface  of  the  bulb.  This  has  been  demonstrated  in  Golgi  prep- 
arations. In  Weigert  and  vom  Rath  preparations,  an  unmedul- 
lated  tract,  undoubtedly  formed  by  the  central  processes  of  these 
ganglion  cells,  extends  from  the  same  region  to  the  hemispheres 
(Sheldon,  '09,  Sheldon  and  Brookover,  '09).  Rostrally  this 
tract  lies  embedded  in  the  tractus  olfactorius  medialis,  pars  medi- 
alis (fig.  6),  on  the  medial  aspect  of  the  bulb.  As  it  passes  caudad 
throughout  the  crus,  it  still  holds  approximately  the  same  position 
with  reference  to  the  tractus  oKactorius  medialis,  pars  medialis 
(figs.  22,  23).  When  the  rostral  part  of  the  basal  lobe  is  reached, 
the  nervus  terminalis  gradually  turns  dorso-laterad  thi'ough  the 
tractus  olfactorius  medialis  to  lie  between  that  and  the  tractus 
olfactorius  ascendens  (fig.  24).  As  the  anterior  commissure  is 
reached,  the  unmeduUated  fibers  separate  from  their  companion 
tracts  and  decussate  in  the  rostral  part  of  the  commissure,  end- 
ing in  the  rostral  portion  of  the  pars  commissuralis  of  the  corpus 
precommissurale,  as  described  for  the  nervus  terminalis  of  sela- 
chians by  Locy,  and  in  Amphibia  by  Herrick  (figs.  35,  136). 

(4)  Distribution  of  secondary  olfactory  fibers  in  the  forebrain. 
It  will  have  been  noted  that  secondary  olfactor}^  fibers  end  in  a 
very  large  part  of  the  basal  lobes.  Fibers  of  the  lateral  olfactory 
tract  end  throughout  the  lateral,  dorsal  and  latero-ventral  por- 
tions of  the  basal  lobes  from  the  rostral  end  to  the  lobus  pjai- 
formis  and  nucleus  teniae  of  the  polus  posterior.  These  fibers 
extend,  also,  into  a  large  part  of  the  central  area  formerly  called 
striatum.    The  mesal  tract,  the  tractus  medialis,  carries  centri- 
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petal  fibers  to  the  nucleus  medianus ;  nucleus  supracommissuralis, 
nucleus  preopticus  and  the  primordium  hippocampi,  probably 
also  to  the  nucleus  commissuralis  lateralis  {tr.  olf.  med.) ;  in  addi- 
tion to  further  fibers  for  the  lobus  pyriformis.  The  only  portions 
of  the  basal  lobes  which  do  not  receive  secondary  olfactory  fibers 
are  the  nucleus  entopeduncularis  and,  possibly,  a  small  area  in  the 
center  of  the  palaeostriatum.  It  can  not  be  said  with  certainty, 
however,  that  this  latter  area  receives  no  olfactory  fibers  of  the 
second  order  ;  simply  that  such  were  not  demonstrated. 

6.  The  anterior  commissure 

The  olfactory  areas  of  the  two  basal  lobes  are  connected  by 
four  sets  of  commissural  fibers,  crossing  in  five  bundles.  In  the 
most  rostral  part  of  the  anterior  commissure  are  found  numbers  of 
fine  fibers,  partly  medullated  and  partly  unmeduUated,  bending 
sharply  dorsad.  The  unmedullated  fibers  connect  the  mesal 
portions  of  the  two  primordia  hippocampi,  while  the  medullated 
join  similar  parts  of  the  partes  supracommissurales  of  the  corpus 
precommissurale  (Sheldon,  '09  a,  fig.  6).  A  short  distance 
caudad,  accompanied  by  unmedullated  fibers,  is  a  small  commis- 
sure of  medullated  fibers  connecting  the  lateral  portions  of  the 
partes  supracommissurales  and  nuclei  dorsales  or  primordia 
hippocampi  (figs.  35,  36).  This  latter  bundle,  as  it  presents 
points  of  resemblance  with  the  commissura  pallii  anterior  of 
reptiles,  and  the  rostral  portion  of  the  commissura  pallii  or  com- 
missura dorsalis  of  Amphibia,  is  termed  on  the  plates,  commis- 
sura dorsalis.  Morphologically,  however,  the  fibers  mentioned 
thus  far  are  divisible  into  a  commissura  hippocampi,  pars  anterior, 
and  a  commissura  corporium  precommissuralium,  each  bundle 
consisting  partly  of  each  kind  of  fibers  (fig.  138). 

At  the  caudal  part  of  the  anterior  commissure  a  few  unmedul- 
lated fibers  pass  across  to  connect  the  rostral  ends  of  the  nuclei 
preoptici  of  the  two  lobes.  This  is  termed  the  commissura  nu- 
cleorum  preopticorum  (fig.  138). 

The  commissura  dorsalis  is  closely  associated  with  the  decussa- 
tion of  the  tractus  hypothalamo-olfactorius  medialis  and  also  with 
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a  fourth  commissure,  entirely  unmedullated,  connecting  the 
ventral  parts  of  the  two  nuclei  pyriformes,  and  here  termed  the 
commissura  hippocampi,  pars  posterior.  Its  fibers  are  closely 
intermingled  with  those  of  the  decussating  tractus  oKactorii 
mediales,  partes  laterales,  distinguishable  in  Weigert  preparations 
owing  to  their  lack  of  medullary  sheaths  (fig.  138).  See  also 
Goldstein,  Taf.  11,  fig.  7;  Goldstein  terms  this  the  commissura 
oKactorii  internuclearis.  This  commissure  is  shaped  Hke  a  bow, 
with  either  end  bent  caudally  to  terminate  in  the  nuclei  pyriformes 
(figs.  36,  37,  55).  This  is  the  hippocampal  coimnissure  of  C.  L. 
Herrick,  probably  also  the  commissura  interolfactoria  of  Kappers. 
This  commissure  offers  points  of  resemblance  with  the  fibers  of  the 
commissura  dorsalis,  which  connect  the  two  occipital  poles  in  the 
frog  and  with  a  part  of  the  coimnissura  palUi  of  Kappers  in  the 
frog. 

It  will  be  noticed  that  the  anterior  conunissure  complex  con- 
tains two  bundles  connected  with  the  primordium  hippocampi, 
and  one  with  the  nucleus  pyriformis,  all  of  which  are  probably 
represented  in  the  commissura  dorsaUs,  or  conmiissura  hippocampi 
of  amphibians.  The  morphological  significance  of  the  regions 
thus  connected  will  be  considered  later. 

These  comprise  all  of  the  connections  of  the  basal  lobes  except- 
ing those  bringing  them  into  relation  with  the  diencephalon, 
together  with  a  few  praethalamic  connections  which  will  be  taken 
up  later. 

c.  Diencephalic  connections 

(1)  The  tractus  olfacto-habenularis.  In  1892  Edinger  described 
for  selachians  a  tract  between  the  basal  lobes  and  the  ganglia 
habenularum  which  he  called  the  tractus  ganghi  habenulae  ad 
proencephalon,  stating,  however,  the  possibihty  that  its  fibers 
might  run  in  the  opposite  direction.  Such  a  connection  was  also 
indicated  by  C.  L.  Herrick,  in  the  same  year  under  the  name  of 
taenia  thalami.  All  recent  writers  have  observed  these  fibers, 
and  have  shown  that  they  are  largely  ascending,  from  the  basal 
lobes  to  the  habenular  ganglia  of  the  epithalamus.  Catois 
traces  the  fibers  of  his  tractus  olfacto-habenularis  from  the  caudal 


OLFACTORY  CENTERS  IN  TELEOSTS  215 

part  of  the  hypostriatum  (nucleus  teniae)  to  the  habenulae; 
Kappers  and  Goldstein  make  similar  observations.  Johnston, 
however  ('98,  '01,  '02)  in  Acipenser  and  Petromyzon  finds  that 
the  larger  proportion  of  the  fibers  ascending  to  the  habenulae  arise 
from  the  nucleus  preoptions,  called  by  him  the  nucleus  thaeniae 
('98,  '01,  '02)  and  nucleus  praeopticus  ('06).  Some  fibers  in  Aci- 
penser are  traced  from  the  nucleus  postolfactorius  ventralis  and 
nucleus  postolfactorius  lateralis,  corresponding  largely  to  the 
corpus  precommissurale  and  the  area  olfactoria  lateralis,  respec- 
tively. It  will  thus  be  noted,  as  Johnston  himself  pointed  out, 
that  the  tractus  olfacto-habenularis  of  Acipenser  and  Petromyzon 
is  not  the  equivalent  of  that  in  teleosts,  selachians,  amphibians, 
reptiles  and  mammals.  The  conditions  as  observed  in  the  carp 
explain  this  discrepancy,  as  in  this  form  the  tractus  olfacto- 
habenularis  is  equivalent  to  both  the  tractus  olfacto-habenularis 
of  Edinger,  etc.,  and  of  Johnston  (figs.  140,  141,  142). 

The  tractus  olfacto-habenularis  of  Catois,  Edinger,  Kappers, 
etc.,  the  taenia  thalami  of  Goldstein,  appears  conspicuously  as  a 
small,  heavily  meduUated  bundle,  arising  from  the  nucleus 
teniae,  lateral  to  the  fissura  endorhinalis,  at  the  level  of  the  caudal 
margin  of  the  anterior  commissure.  This  is  here  termed  the  trac- 
tus teniae  (fig.  55)  and  corresponds  morphologically  to  the  tractus 
cortico-habenularis  lateralis  of  C.  Judson  Herrick  in  the  Amphi- 
bia ('10). 

It  extends  latero-caudad,  dorsal  to  the  bundles  of  the  basal 
forebrain  bundle  (figs.  61,  68),  where  it  receives  a  few  unmedul- 
lated  fibers  from  the  nucleus  intermedins,  the  tractus  intermedio- 
habenularis,  pars  anterior  (figs.  140,  141, 142),  possibly  homologous 
to  the  tr.  septo-habenularis  of  Herrick.  Slightly  caudal  to  this 
point  the  tract  receives  a  smalk  number  of  unmedullated  fibers 
from  the  nucleus  entopeduncularis,  extending  dorsad  from  the 
praethala'mus.  This  is  termed  the  tractus  entopedunculo-haben- 
ularis  (fig.  72),  and  is  probably  the  morphological  equivalent 
of  the  lateral  praethalamic  portion  of  the  taenia  thalami  of 
amphibians  and  reptiles.  A  large  part  of  these  fibers  may  be 
descending,  corresponding  to  the  tr.  habenulo-thalamicus  of  Her- 
rick ('10).    Quite  a  number  of  fine  unmedullated  fibers  arise 
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from  the  nucleus  preopticus,  pars  parvocellularis  anterior,  to 
join  the  main  tract  (figs.  73,  141,  142),  termed  the  tractus  pre- 
optico-habenularis,  pars  anterior.  Where  the  nucleus  intermedins 
becomes  continuous  with  the  nucleus  posthabenularis,  it  gives  off 
a  few  unmedullated  fibers  to  the  tractus  olfacto-habenularis,  the 
tractus  intermedio-habenularis,  pars  posterior  (figs.  141,  142). 
The  pars  magnocellularis  gives  rise  to  two  sets  of  fibers  for  the 
habenulae,  both  unmedullated,  a  diffuse  fiber  connection  extend- 
ing dorsad,  close  to  the  median  ventricle,  the  tractus  preoptico- 
habenularis,  pars  mediahs  (fig.  73),  and  a  small  compact  tract, 
which  passes  lateral  to  the  basal  forebrain  bundle,  the  tractus 
preoptico-habenularis,  pars  laterahs  (figs.  74,  141,  142).  Further 
caudally  tracts  join  the  main  bundle  from  the  pars  parvocellu- 
laris, pars  posterior,  of  -  the  nucleus  preopticus,  the  tractus  pre- 
optico-habenularis, pars  posterior;  and  from  the  nucleus  post- 
habenularis, the  tractus  posthabenulo-habenularis  (figs.  141,  142). 
Part  of  this  may  also  be  descending  and,  therefore,  homologous 
with  the  tractus  habenulo-thalamicus  of  Herrick. 

All  of  these  fibers  make  up  the  tractus  olfacto-habenularis. 
It  will  be  noted  that  the  only  medullated  bundle  is  the  tractus 
teniae;  this  is  likewise  the  most  conspicuous  of  the  different  fiber 
systems  which  probably  explains  why  it  is  the  only  one  previ- 
ously described  in  teleosts.  The  habenular  ganglia,  then,  receive 
fibers  from  practically  all  parts  of  the  caudal  portions  of  both  the 
lateral  and  medial  olfactory  columns.  Laterally,  fibers  pass  up 
from  the  nucleus  teniae  of  the  lobus  pyriformis,  medially  from  the 
nucleus  preopticus,  nucleus  intermedins,  nucleus  entopeduncularis 
and  nucleus  posthabenularis.  The  lateral  connection  is  the  one 
observed  by  Edinger,  Catois,  Kappers,  Goldstein,  etc.,  while  the 
medial  is  that  found  chiefly  in,  Acipenser  and  Petromyzon  •  by 
Johnston.  Apparently  the  largest  bundle  in  Petromj'^zon  cor- 
responds with  the  tractus  preoptico-habenularis,  pars "  laterahs, 
in  the  carp. 

Practically  all  of  the  fibers  of  the  tractus  olfacto-habenularis 
decussate  in  the  conunissura  habenularis,  the  commissura  superior 
of  many  writers  (figs.  76, 141,  142).    It  is  possible  that  a  few  fibers 
'  end  on  the  same  side.    It  is  hkewise  possible  that  there  are  a  few 
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commissural  fibers  connecting  the  t-v^o  nuclei  teniarum,  taking 
this  course,  and  running  in  the  tractus  teniae  (Eciinger  ('08)  fig. 
231),  as  in  the  Amphibia.  Such  fibers  would  be  comparable  with 
the  commissura  pallii  posterior  (commissura  aberrans)  of  lizards. 

Several  different  fiber  systems  arising  from  cells  in  the  habenular 
ganglia  have  been  described.  As  indicated  above,  Edinger,  in 
his  earlier  work,  believed  that  the  tractus  teniae  arose  in  the  haben- 
ulae,  the  tractus  ad  proencephalon.  He  also  describes  in  sela- 
chians a  tract  to  the  midbrain  roof,  the  tractus  ganglia  habenulae 
ad  mesocephalon  dorsalis;  a  tract  to  the  midbrain  base,  the  trac- 
tus descendens  ganglii  habenulae,  in  addition  to  the  long  known 
Meynert's  bundle,  or  fasciculus  retroflexus,  more  recently  de- 
scribed by  Goldstein, Edinger, etc.  under  the  name  'tractus  haben- 
ulo-interpeduncularis.'  Bela  Haller  observed  fibers  arising  in 
the  habenulae  and  entering  the  optic  apparatus,  'Habenular- 
wurzel  des  Opticus;'  also  a  tract  extending  ventrad  into  the  dien- 
cephalon,  'Hauben-Zwischenhirnbahn.' 

{2)  Fasciculus  retroflexus.  The  fasciculus  retroflexus  in  the 
carp  is  a  strong,  chiefly-  unmedullated  tract,  originating  partly 
from  cells  of  the  habenulae  (fig.  75)  and  partly  from  the  nucleus 
posthabenularis,  as  pointed  out  earlier  by  Bela  Haller  and  Gold- 
stein (figs.  141,  142).  From  this  point  it  extends  caudad  to  the 
corpus  interpedunculare,  as  described  by  practically  all  writers 
on  the  habenular  connections  (figs.  77,  79,  80,  82,  83,  100,  101,  102, 
114,  115,  116,  122).  As  noted  by  Goldstein,  it  is  surrounded  by 
meduUated  fibers  caudally.  These  originate  from  the  nucleus 
posthabenularis  and  pass  caudad  to  the  commissura  ansulata, 
which  they  appear  to  enter,  turning  laterad.  Goldstein  simply 
figures  these  fibers,  giving  no  description  of  their  connections. 

(3)  Tractus  hahenulo-diencephalicus.  This  tract  arises  in  the 
habenulae  and,  descending  into  the  more  ventral  diencephalic 
regions,  is  easily  identified  in  the  carp,  as  it  is  heavily  myelinated. 
Haller  traces  it  into  the  nucleus  posthabenularis,  while  Gold- 
stein thinks  that  it  ends  farther  ventrally,  possibly  in  his  nucleus 
dorsalis.  The  tract,  according  to  the  conditions  in  the  carp, 
contains  both  ascending  and  descending  fibers  and  extends  ventro- 
caudad  from  the  habenular  ganglia  practically  to  the  nucleus 
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posterior  tuberis.  (Trac^us  habenulo-diencephalicus,  figs.  77, 
79,  80,  82,  83,  100,  101.)  Excepting  its  most  rostral  part,  it  is 
closely  associated  with  the  medial  forebrain  bundle  dorsally, 
which  probably  accounts  for  the  rarity  mth  which  it  has  been 
reported.  Apparently  most  of  its  fibers  decussate  in  the  habenu- 
lar  conamissure,  but  such  could  not  be  demonstrated  with  cer- 
tainty. 

The  tractus  habenulae  ad  prosencephalon  of  Goldstein,  the  trac- 
tus  ad  proencephalon  of  Edinger,  was  not  identified.  Of  course, 
it  is  quite  possible  that  some  of  the  fibers  of  the  tractus  olfacto- 
habenularis  are  ascending,  as  Goldstein  believes. 

No  optic  connections  with  the  habenulae  could  be  found,  as 
Bela  Haller  describes.  Large  numbers  of  cells  lying  in  the  nu- 
cleus posthabenularis,  particularly  near  the  median  ventricle, 
give  rise,  however,  to  fibers  which  pass  directly  laterad  to  enter, 
apparently,  the  optic  apparatus  as  Haller  notes  (figs.  76,  77,  79, 
83).  These  require  further  study.  Considering  the  intimate 
relation  between  the  nucleus  posthabenularis  and  the  ganglia 
habenularum,  an  optic  connection,  such-  as  Haller  describes,  not 
improbably  exists  in  some  forms. 

(4)  '  Posthahenular-preoptic  connections.  In  addition  to  the 
connections  already  described  with  the  fasciculus  retroflexus  and 
the  optic  apparatus,  the  nucleus  posthabenularis  is  placed  in 
relation  with  the  nucleus  preopticus  through  three  sets  of  diffuse  . 
unmeduUated  fibers,  a  tractus  preoptico-posthabenularis,  pars 
anterior  from  the  nucleus  magnocellularis  to  the  nucleus  post- 
habenularis; a  tractus  preoptico-posthabenularis,  pars  posterior 
from  the  nucleus  parvocellularis  posterior,  and  the  tractus  post- 
habenulo-preopticus  from  the  nucleus  posthabenularis  to  the 
nucleus  parvocellularis  posterior  (fig.  140). 

It  is  evident  from  its  position  and  connections  that  the  nucleus 
posthabenularis  is  closely  relaied  with  the  habenulae.  The  two 
are  evidently  a  morphological  entity,  the  habenular  gangha  devel- 
oping as  specialized  portions  of  the  dorsal  lamina  of  the  thalamus. 

(5)  Epiphyseal  fiber's.  Along  the  caudal  wall  of  the  epiphysis 
runs  a  small  meduUated  bundle,  which  extends  caudad  to  the 
posterior  commissure.    It  is  possible  that  it  gives  off  fibfers  to  the 
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habenular  ganglia  as  it  passes  them,  but  such  could  not  be  dem- 
onstrated with  certainty. 

(6)  Fasciculus  medialis  hemisphaerii.  This  was  observed  first 
by  Bellonci  in  Anguilla,  and  by  him  considered  to  be  an  olfactory 
tract  of  the  second  order  from  the  olfactory  bulbs  to  the  nuclei 
rotundi.  The  question  of  the  presence  of  such  fibers  in  the  carp 
has  already  been  discussed.  Edinger  similarly  traced  a  part 
of  the  fibers  of  the  medial  olfactory  tract  to  the  diencephalon, 
the  tractus  ad  lobum  inferiorem.  C.  L.  Herrick  identified  the 
tract,  but  states  that  it  originates  in  the  mesaxial  lobe  (nucleus 
medianus  and  nucleus  supracommissuralis  of  the  corpus  pre- 
commissurale),  decussates  as  the  axial  commissure  (anterior  com- 
missure), and  then  extends  to  the  infundibulum.  Herrick  calls 
the  rostral  end  the  'basal  cerebral  fasciculus,'  while  the  dien- 
cephalic part  he  terms  the  fornix  tract.  Johnston  ('98)  describes 
the  bundle  as  the  tractus  strio-thalamicus  ventralis,  passing  cau- 
dad,  without  decussation,  to  end  in  the  inferior  lobes.  In  1901 
he  points  out  that  these  fibers  are  largely  descending,  originating 
chiefly  from  the  nucleus  postolfactorius  ventralis  and  to  a  less 
extent  from  the  nucleus  preopticus.  It  also  contains  ascending 
fibers  from  the  corpus  mammillare,  most  of  which  decussate  in 
the  anterior  commissure  to  end  in  the  epistriatum  of  the  opposite 
side.  Kappers  describes  the  bundle  in  the  teleosts  as  originating 
in  his  epistriatum  (corpus  precommissurale)  and  ending  uncrossed 
immediately  lateral  to  the  nucleus  rotundus.  Goldstein  gives 
the  same  origin  for  the  fibers,  but  states  that  they  decussate  in  the 
'nucleus  posterior  tuberis.  He  notes  also  that  the  tract  consists 
of  more  than  one  bundle,  but  fails  to  observe  any  difference  in 
the  connections  of  the  different  components. 

A  careful  study  of  this  tract  in  the  carp  shows  that,  instead  of 
being  a  simple,  single  tract,  it  is  really  a  complex  of  six  fiber  bun- 
dles each  with  a  distinct  course  and  connections.  It  likewise 
becomes  apparent  that  Kappers,  Goldstein,  Johnston,  etc., 
observed  only  a  part  of  these  components,  which  accounts  for 
the  differences  in  the  course  and  connections  of  the  tract  as 
described  by  them. 
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The  medial  forebrain  bundle  first  api^ear.s  rostrally  at  the  level 
of  the  anterior  comnriissure,  on  either  side  of  the  mid-line.  Im- 
mediately dorsal  to  the  commissural  fibers  appears  the  tractus 
hypothalamo-olfactorius  medialis,  made  up  largely  of  fine,  medul- 
lated  fibers,  between  which  are  found  many  unmeduUated  in 
character  (fig.  37).  All  of  the  fibers  of  this  bundle  are  ascending, 
originating  in  the  nucleus  posterior  tuberis  (figs.  102,  104).  Part 
of  them  decussate  almost  immediately,  as  shown  in  fig.  102,  while 
the  majority  pass  up  on  the  same  side  to  decussate  in  the  anterior 
commissure,  closely  associated  with  the  fibers  of  the  conimissura 
hippocampi,  pars  posterior  and  coimnissura  dorsalis.  Both  sets 
of  fibers  terminate  in  the  corpus  precommissui'ale,  largel}^  in  the 
pars  supracommissuralis.  This  tract  is  that  observed  by  Gold- 
stein caudally,  and  called  by  him  a  descending  tract. 

Ventral  to  the  fibers  of  the  anterior  commissure,  at  its  level, 
may  be  seen  another  component  of  the  median  forebrain  bundle, 
the  tractus  olfacto-thalamicus,  pars  ventralis  (figs.  36,  37).  The 
fibers  making  up  this  bundle  appear  very  similar  to  those  of  the 
tractus  hypothalamo-olfactorius  medialis.  They  originate  from 
the  corpus  preconmaissurale,  largely  in  the  pars  supracommis- 
suralis, and  run  caudo-ventrad,  in  a  diffuse  bundle,  to  terminate 
in  the  nucleus  rotundus  and  the  nucleus  posterior  thalami. 

At  the  caudal  margin  of  the  anterior  commissure  a  third  com- 
ponent, the  tractus  olfacto-thalamicus,  pars  dorsalis,  appears. 
This  is  a  rather  diffuse  bundle,  made  up  of  fine  meduUated  and 
intermingled  unmedullated  fibers,  which  originate  largely  in  the 
supracommissural  part  of  the  precommissural  body  and  terminate 
in  the  nucleus  subrotundus.  This  bundle,  together  with  the  pars 
ventralis,  was  noted  by  Goldstein,  rostralty  (Taf.  11,  fig.  7). 
He  points  out  that  one  passes  dorsal  and  one  ventral  to  the  tractus 
olfactorius  medialis,  pars  lateralis,  and  that  both  originate  in  the 
medial  olfactory  nucleus.  Apparently,  however,  he  failed  to 
follow  all  the  fibers  caudad,  as  in  the  more  caudal  region  he  ob- 
served only  the  tractus  hj'pothalamo-olfactorius  mediahs,  which 
tract  he  had  not  seen  farther  rostrally.  The  two  parts  of  the 
tractus  olfacto-thalamicus  form  the  tractus  olfacto-hypothalami- 


OLFACTORY  CENTERS  IN  TE-LEOSTS 


221 


cus  medialis  of  Kappers,  who  failed  to  note  the  bundle  from  the 
nucleus  posterior  tuberis. 

A  short  distance  caudal  to  the  anterior  commissure,  the  medial 
forebrain  bundle  has  increased  largely  in  size  (figs.  68, 69),  due  to  the 
presence  of  a  large  number  of  short  fibers,  most  of  which  are 
unmedullated.  These  are  present  throughout  most  of  the  extent 
of  tract  and  are  both  ascending  and  descending,  connecting  and 
placing  in  relation  the  different  parts  of  the  precommissural 
body,  nucleus  preopticus  and  diencephalon.  These  fibers  form 
the  tractus  olfacto-thalamicus,  pars  intermedia  and  tractus  thal- 
amo-olfactorius,  pars  intermedia  (fig.  136). 

Another  factor  in  the  increase  in  size  of  the  median  bundle 
consists  in  the  addition  to  it  of  a  few  meduUated  fibers  arising 
from  the  dorso-lateral  part  of  the  nucleus  magnocellularis,  form- 
ing the  tractus  preoptico-tuberis.  These  pass  caudad  mingled 
with  the  median  forebrain  bundle  and  end,  apparently,  partly 
in  the  nucleus  posthabenularis,  and  partly  in  the  nucleus  posterior 
tuberis.  These  fibers  may  correspond  to  the  'Langsbiindel' 
of  Goldstein. 

Slightly  caudal  to  the  level  of  the  habenulae  a  seventh  tract 
becomes  closely  associated  with  the  median  bundle,  appearing  to 
be  a  part  of  it.  This  is  the  tractus  habenulo-diencephalicus  of 
Goldstein  and  has  already  been  described  in  connection  with  the 
habenular  tracts  (fig.  77). 

When  a  careful  study  of  the  median  bundle  at  different  trans- 
section  levels  is  made,  it  is  a  simple  matter  to  identify  its  com- 
ponents. Their  relations  rostrally  have  already  been  noted;  as 
the  tract  is  followed  caudad  it  will  be  seen  that  there  is  a  tendency 
for  the  longer  components  to  arrange  themselves  in  more  compact 
bundles,  with  the  more  recently  acquired  fibers  scattered  about 
them  (figs.  73,  74,  76).  For  some  distance  there  is  little  change  in 
the  bundle  (figs.  79,  80,  82).  At  the  level  shown  in  fig.  83,  how- 
ever, it  will  be  noted  that  the  fibers  of  the  tractus  olfacto-thalami- 
cus, pars  intermedia  and  tractus  thalamo-olfactorius,  pars  inter- 
media, are  decreasing  in  number.  The  remaining  bundles  of  the 
complex  are,  at  this  point,  separating  from  one  another,  all,  how- 
ever, turning  ventrad  (figs.  100,  101).    The  tractus  habenulo- 
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diencephalicus  can  be  traced  only  a  short  distance  caudal  to  the 
level  shown  in  fig.  101,  where  it  ends  mesal  to  the  nucleus  rotun- 
dus  at  the  level  of  the  nucleus  posterior  tuberis.  The  tractus 
hypothalamo-olfactorius  medialis  holds  a  position  near  the  median 
line  at  this  point,  while  the  tractus  olfacto-thalamici,  pars  dor- 
salis  and  pars  ventralis  are  looping  ventro-laterally,  "to  pass  below 
the  nucleus  rotundus  (fig.  101)  to  their  termini  in  the  nuclei  sub- 
rotundus  and  posterior  thalami,  respectively  (figs.  115,  116,  122, 
139). 

(7)  Fasciculus  lateralis  hemisphaerii.  This  has  been  known 
from  the  time  of  the  first  workers  on  the  microscopic  anatomy  of 
the  teleostean  brain.  It  has  been  called  by  various  names  since 
the  time  of  Stieda:  pedunculus  cerebri,  by  the  earher  workers, 
'  basale  Vorderhirnbiindel'  by  Edinger,  '  f aisceau  basal'  by  Catois, 
'tractus  strio-thalamicus'  by  Johnston,  Goldstein,  Kappers,  etc. 
In  practically  all  forms  it  consists  almost  entirelj^  of  unmedul- 
lated  fibers,  although  it  is  one  of  the  largest  and  most  constant 
bundles  of  the  brain.  Earlier  workers  considered  that  it  was  made 
up  exclusively  of  descending  fibers  from  the  cells  of  the  corpus 
striatum,  ending  in  the  diencephalon.  Edinger  ('88)  states 
simply  that  the  fibers  originate  in  the  '  Stammganglion'  and  end 
in  the  ventral  part  of  the  '  Zwischenhirn.'  He  thinks  it  very  likely 
that  part  of  the  fibers  decussate  in  the  anterior  commissure. 
C.  L.  Herrick  ('91  and  '92)  divides  the  basal  forebrain  bundle 
into  two  parts,  both  descending,  a  ventral  peduncle  arising  from 
the  rostral  part  of  each  basal  lobe  and  ending  in  the  caudal  part 
of  the  hypoaria,  and  a  dorsal  peduncle  originating  in  the  caudal 
part  of  each  lobe,  and  ending  largely  in  the  nucleus  ruber  and  sub- 
thalamicus  (nucleus  rotundus,  sensu  lato).  Johnston  ('98)  iden- 
tifies three  sets  of  fibers  in  the  bundle,  a  tractus  strio-thalamicus 
medialis,  lateralis  and  ventralis.  Johnston  here  includes  under 
the  name  tractus  strio-thalamicus  ' '  all  fibers  connecting  the  fore- 
brain  with  the  ventral  portion  of  the  diencephalon."  His  tractus 
strio-thalamicus  ventralis  is  evidently  a  part  of  the  medial  fore- 
brain  bundle,  as  is  also  a  portion  of  the  tractus  strio-thalamicus 
medialis,  consisting  of  ascending  fibers  from  the  thalamus  to  the 
epistriatum,  decussating  in  the  anterior  commissure.  John- 
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ston's  tractus  strio-thalamicus  lateralis  arises  from  cells  of  the  nu- 
cleus postolfactorius  lateralis,  while  the  larger  part  of  the  tractus 
strio-thalamicus  medialis  arises  from  the  striatum  proper.  In 
1901  Johnston  modifies  these  descriptions  somewhat.  He  says 
that  the  ventral  bundle  is  composed  of  ascending  fibers,  as  noted 
above,  which  end  in  the  epistriatum  of  the  opposite  side,  together 
with  descending  fibers  from  the  nucleus  preopticus.  He  further 
adds  that  most  of  the  ascending  fibers  arise  from  the  dorsal  and 
lateral  walls  of  the  mammillary  bodies,  and  run  in  the  medial 
bundle.  Van  Gehuchten  ('94)  also  describes  ascending  fibers  in 
the  tractus  strio-thalamicus,  stating  that  the  bundle  is  made  up 
of  two  kinds  of  fibers,  those  which  originate  in  the  basal  ganglia 
and  ^^d  in  the  inferior  lobes,  and  vice  versa.  Catois  observed 
these  same  two  fiber  groups  one  of  which  is  formed  by  'fibers 
mo  trices  descendantes,'  the  other  by  'fibres  sensitives  ascen- 
dantes.'  Catois  states  that  the  descending  fibers  lie  external  and 
dorsal  to  the  ascending.  The  descending  fibers  he  traces  largely 
into  the  nucleus  rotundus,  and  also  farther  ventrally,  while  a  few 
fibers  extend  into  the  basal  portion  of  the  mesencephalon.  The 
ascending  fibers  are  traced  by  Catois  from  the  region  of  the  infun- 
dibulum,  chiefly  from  the  more  rostral  part.  Catois  includes 
here  the  medial  forebrain  bundle  as  a  part  of  the  tractus  strio- 
thalamicus.  Kappers  traces  the  tractus  strio-thalamicus  from 
all  parts  of  his  striatum  into  the  pedunculi  thalami,  ending  un- 
crossed partly  in  the  nucleus  rotundus,  but  chiefly  in  the  nucleus 
subrotundus.  Kappers  has,  however,  identified  a  tract  aris- 
ing chiefly  from  the  lateral  olfactory  area,  the  tractus  olfacto- 
hypothalamicus  lateralis,  which  has  been  included  with  the  tractus 
strio-thalamicus  by  other  authors.  This  passes  caudad,  lying 
immediately  dorsal  to  the  tractus  strio-thalamicus,  and  ending 
after  decussation  in  the  ventral  portion  of  the  inferior  lobes.  Gold- 
stein has  worked  out  the  connections  of  the  tractus  strio-thalami- 
cus in  considerable  detail  and  finds  that  it  originates  from  all 
parts  of  the  striatum  and  that  part  of  its  fibers  decussate  in  the 
anterior  commissure,  as  E  dinger  suggested  in  1888.  Goldstein 
states  that  the  crossed  fibers  lie  mesal  to  the  uncrossed,  and  that 
the  more  dorsal  fibers  in  the  praethalamic  part  of  the  tract  contain 
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chiefly  fibers  from  the  more  rostral  part  of  the  striatum.  He 
traces  strio-thalamicus  fibers  into  the  nucleus  anterior  thalami, 
nucleus  dorsalis  thalami,  nucleus  ventrahs  thalami,  nucleus  pos- 
terior thalami,  nucleus  anterior  tuberis,  nucleus  lateralis  tuberis, 
nucleus  diffusus  lobi  lateralis.  The  tractus  strio-thalamicus  of 
Goldstein  includes  the  tractus  olfacto-hypothalamicus  lateralis 
of  Kappers.  Johnston  ('02)  in  Petromyzon  states  that  the  trac- 
tus strio-thalamdcus  is  formed  from  the  neurites  of  the  cells  of  the 
striatum  which  end  in  the  central  gr&y  of  the  thalamus.  He 
also  identifies  fibers  from  the  lateral  olfactory  centers,  forming  a 
part  of  his  tractus  olfacto-lobaris,  which  correspond  to  the  tractus 
olfacto-hypothalamicus  laterahs  of  Kappers. 

As  described  here,  the  lateral  forebrain  bundle  consists  of  the 
tractus  strio-thalamicus,  tractus  thalamo-striaticus,  tractus  olfac- 
to-hypothalamicus lateralis  and  tractus  h^^pothalmo-olfactorius 
laterahs  (fig.  139).  Rostrally  distributed  through  the  central  part 
of  each  lobe,  almost  at  the  tip  of  the  basal  lobes,  may  be  seen 
in  Weigert  preparations  many  bundles  of  unmedullated  fibers. 
Caudally,  near  the  level  of  the  anterior  conamissure,  these  bundles 
pass  gradually  ventrad,  lying  dorsal  to  the  fissura  endorhinalis 
(fig.  34).  Thence  these  tm'n  slightly  mesad  (fig.  35),  constantly 
increasing  in  size  through  the  accession  of  new  fibers,  until  at  the 
caudal  level  of  the  commissure  the  lateral  forebrain  bundle  appears 
as  a  powerful  tract  containing  msLny  large  bundles  of  mixed  medul- 
lated  and  unmedullated  fibers  (fig.  36).  As  a  usual  thing  the 
meduUated  fibers  either  form  a  sheath  for  the  unmedullated  or 
else  form  separate  bundles,  the  two  kinds  of  fibers  being  rareh' 
intermingled  in  the  same  bundle.  A  large  part  of  the  fibers,  as 
Goldstein  describes,  decussate  in  the  caudo-ventral  part  of  the 
anterior  commissure  (figs.  36,  37).  Caudal  to  the  commissure, 
the  different  bundles  become  more  compactly  arranged  and  extend 
through  the  pedunculi  thalami  close  against  their  lateral  margins 
(figs.  55,  61,  68). 

The  components  of  the  tract,  as  it  passes  through  the  pedunculi 
thalami,  are  shown  in  fig.  139.  It  will  be  noted  that  the  fibers 
are  both  ascending  and  descending  and.  that  the  several  bundles 
have  somewhat  different  connections.    In  general  it  may  be  stated 
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that  the  fibers  connected  with  the  more  rostral  part  of  the  basal 
lobes  he  ventrally  and  medially;  that  those  belonging  to  the  mid- 
portion  of  each  lobe  hold  an  intermediate  position,  while  the  more 
caudal  fibers  appear  dorsally  in  the  praethalamic  bundle.  It 
will  be  noted,  also,  that  those  which  decussate  in  the  anterior 
commissure  are  among  the  more  caudal  fibers,  while  those  of  the 
extreme  caudal  tip  of  the  basal  lobes  occupy  the  extreme  dorsal 
position  and  form  the  lateral  hypothalamic  tracts  (figs.  36,  37, 
55,  61,  68,  69,  72,  73). 

The  lateral  forebrain  bundle  receives  from,  or  sends  fibers  to, 
all  parts  of  the  basal  lobes  excepting  the  corpus  precommissural, 
nucleus  medianus,  nucleus  supracommissuralis,  primordium  hip- 
pocampi, and  possibly  the  nucleus  preopticus.  The  fibers  from 
the  caudal  part  of  the  lobes  belong  to  the  nucleus  pyriformis 
chiefly,  although  a  few  fibers  are  undoubtedly  in  connection  with 
the  lateral  part  of  the  nucleus  intermedins;  they,  therefore,  form 
a  tract  corresponding  to  the  tractus  olfacto-hypothalamicus  later- 
alis of  Kappers.  Kappers,  however,  described  this  as  a  descend- 
ing tract,  while  it  here  contains  both  ascending  and  descending 
fibers,  which  reach  all  parts  of  the  nucleus  pyriformis  (figs.  69, 
72). 

A  large  part  of  the  fibers  of  the  tractus  strio-thalamicus,  or 
remaining  portion  of  the  lateral  forebrain  bundle,  are  ascending 
and  are  distributed  to  all  parts  of  the  palaeostriatum,  nucleus 
olfactorius  lateralis,  including  the  dorso-lateral  area  of  the  basal 
lobes,  called  epistriatum  by  Catois  and  by  Johnston  ('06).  Many 
of  these  ascending  fibers  enter  into  relation  with  large  association 
cells  of  these  areas,  their  neurites  enclosing  the  perikarya  of  the 
cells  (figs.  49,  50,  51).  Other  ascending  fibers  reach  the  peripheral 
area  and  branch  dichotomously  to  form  tangential  fibers  (fig.  39), 
here  coming  into  relation  with  the  association  cells  and  their 
processes.  Descending  fibers  of  the  tractus  strio-thalamicus  arise 
from  cells  found  in  all  parts  of  the  same  areas,  palaeostriatum, 
nucleus  olfactorius  laterahs,  etc.,  already  described.  The  nucleus 
olfactorius  lateralis,  and  most,  if  not  all  of  the  palaeostriatum 
receive  secondary  olfactory  fibers,  while  the  palaeostriatum 
receives  also  processes  from  association  cells  of  the  corpus  pre- 
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commissurale  (figs.  39,  139,  fib.  precom.  str.).  So  far  as  the  fiber 
connections  are  concerned,  therefore,  a  definitely  limited  corpus 
striatum  in  the  basal  lobes  can  not  be  found,  thus  agreeing  with" 
the  relations  as  shown  by  a  cytological  study. 

In  the  pedunucli  thalami,  as  was  noted  earher,  the  fibers  of  the 
lateral  forebrain  bundle  enclose  the  nucleus  entopeduncularis, 
giving  off  collaterals  to  it  (figs.  68,  69,  72,  139). 

Throughout  the  extent  of  the  pedunculi  thalami  httle  change 
takes  place  in  the  bundle;  as  it  passes  over  the  chiasma  its  com- 
ponents extend  slightly  ventrad,  however,  and  now  cover  all  of 
the  lateral  surface  of  the  peduncles  (figs.  73,  76).  At  the  rostral 
margin  of  the  lateral  lobes  the  more  ventral  bundles  become 
closely  massed  against  the  coinmissm'a  transversa  (figs.  77,  79), 
caudal  to  which  they  bifm'cate,  a  few  fibers  entering  the  nucleus 
anterior  tuberis  (fig.  80),  while  many  turn  into  the  nucleus  pre- 
rotundus  (figs.  80,  82,  83,  100).  The  larger  proportion  of  these 
two  sets  of  fibers  are  ascending  as  Catois  states  (figs.  104,  105), 
although  a  part  are  certainly  descending.  Farther  caudally  the 
intermediate  fibers  of  the  bundle  likewise  turn  ventro-laterad  and 
enter  the  caudal  part  of  the  nucleus  prerotundus,  passing  through 
it  to  distribute  along  the  rostro-mesal  aspect  of  the  nucleus  rotun- 
dus  and  to  the  ventral  part  of  the  nucleus  diffusus  lobi  laterahs 
(fig.  83).  Part  of  the  nucleus  prerotundus  fibers  are  ascending, 
but  a  definite  statement  can  not  be  made  regarding  those  of  the 
nucleus  rotundus.  In  the  latter  case  there  is  no  doubt  but  that 
most  of  them  are  descending  as  C.  L.  Herrick,  Catois  and  others 
describe,  although  the  intermediate  bundles  certainly  contain 
some  ascending  fibers.  The  fibers  break  up  in  the  nucleus  pre- 
rotundus and  rotundus  in  a  very  characteristic  manner,  noted  by 
the  earlier  workers  on  the  teleostean  diencephalon  (see  C.  L. 
Herrick  ('92),  nidulus  ruber).  This  was  mentioned  earUer  and  is 
shown  in  fig.  102.  The  dorsal  bundles  distribute  caudally  a  few 
fibers  to  the  nucleus  subrotundus,  nucleus  posterior  thalami, 
nucleus  cerebellaris  hypothalami  and  a  large  number  to  the  nu- 
cleus diffusus  lobi  lateralis,  ventrally  and  caudally.  The  tractus 
olfacto-hypothalamicus  lateralis  has  practically  the  same  dis- 
tribution excepting  that  it  sends  no  fibers  to  the  nucleus  subro- 
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tundus.  These  fibers  are  both  ascending  and  descending,  although 
most  of  the  ascending  fibers  apparently  arise  from  the  nucleus 
diffusus.  It  is  difficult  to  make  positive  statements  regard- 
ing the  cells  of  origin  of  the  dorsal  ascending  fibers  of  the  basal 
forebrain  bundle  owing  to  rather  poor  Golgi  impregnations  of 
adult  brains  in  this  region  (fig.  139) ;  there  is  no  question  as  to 
their  presence,  however,  as  many  such  fibers  can  be  seen  leaving 
these  bundles  rostrally.  In  Golgi  preparations  of  the  brains  of 
young  carp  fibers  may  be  traced,  nevertheless,  from  a  nucleus 
apparently  corresponding  to  the  nucleus  cerebellaris  hypothalami 
into  the  tractus  strio-thalamicus. 

No  strio-thalamicus  fibers  could  be  traced  into  the  nucleus  dor- 
salis,  nucleus  anterior  thalami  or  nucleus  lateralis  tuberis,  as  Gold- 
stein found  in  the  forms  studied  by  him.  It  is  probable  that  the 
fibers  which  Goldstein  traces  into  the  nucleus  lateralis  tuberis  really 
arise  from  the  nucleus  magnocellularis,  as  will  be  shown  later.  It 
will  thus  be  seen  that  the  lateral  forebrain  bundle  contains  through- 
out, both  ascending  and  descending  fibers  connecting  all  of  the 
lateral  and  intermediate  portions  of  the  basal  lobes  with  practi- 
cally all  of  the  lateral  and  intermediate  regions  of  the  thalamus 
and  hypothalamus,  and  also  a  part  of  the  medial  centers.  It  is 
not,  therefore,  the  simple  tract  described  by  the  earlier  writers, 
but  a  complicated  connection  of  paramount  importance  to  the 
nervous  mechanism. 

(8)  The  nucleus  preopticus  and  its  connections.  The  fiber 
connections  of  this  nucleus  have  been  little  understood  by  the 
different  writers  on  the  brains  of  the  lower  vertebrates.  John- 
ston ('98),  as  noted  earlier,  traced  fibers  from  it  to  the  habenular 
ganglia;  he  also  believed  that  secondary  olfactory  fibers  termi- 
nate therein,  although  he  could  not  demonstrate  their  presence. 
Johnston  also  observed  fibers  passing  caudad,  but  could  not 
trace  them  to  their  destination.  In  1901  he  observed  fibers  from 
it  entering  the  tractus  strio-thalamicus  ventralis  (tractus  olfacto- 
thalamicus,  probably  pars  intermedia).  C.  L.  Herrick  ('92) 
describes  unmeduUated  fibers  from  the  pars  magnocellularis 
(nidulus  praeopticus),  which  pass  laterad  into  the  optic  tract 
region.    Kappers  notes  similar  fibers,  which  he  traces  ventro- 
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laterad,  and  thence  caudad  into  the  tuber  cinereum,  and  terms 
the  tractus  praethalamo-cinereus.  Goldstein  traces  fibers  from 
the  pars  magnocellularis  caudo-dorso-laterad  into  'Das  post- 
habenulare  Gebiet,'  the  'Langsbiindel  des  grosszelUgen  Kerns 
des  zentralen  Hohlengraues.'  From  the  pars  parvocellularis  a 
few  fibers  decussate  ventrally  to  enter  the  nucleus  of  the  opposite 
side,  the  'Commissur  des  kleinzelligen  Kerns,'  evidentl}^  the  func- 
tional equivalent  of  the  commissura  anterior,  pars  preoptica, 
previously  described  (fig.  138).  He  also  finds  other  fibers 
which  turn  caudo-lateral,  dorsal  to  the  chiasma  and  postoptic 
conunissures  and  end  among  the  cells  of  the  caudal  portion  of  the 
nucleus  in  the  rostral  part  of  the  hypothalamic  wall.  These 
fibers  lie  lateral  to  the  fibers  from  the  pars  magnocellularis,  and 
mesal  to  the  lateral  forebrain  bundle.  Goldstein  beUeves  that 
they  constitute  "ein  Langscommissvu"  der  einzelnen  Abschnitte 
des  kleinzelligen  Kernes  des  zentralen  Hohlengraues."  He  like- 
wise believes  that  these  fibers  are  identical  with  the  tractus  prae- 
thalamo-cinereus of  Kappers  and  the  caudal  fibers  of  Johnston  in 
Acipenser.  Bela  Haller  finds  a  part  of  these  fibers,  but  believes 
that  they  are  connected  with  the  optic  apparatus. 

It  was  pointed  out  earlier  that  in  the  carp  there  are  four  differ- 
ent habenular  connections  from  the  nucleus  preopticus,  corre- 
sponding partly  to  the  connections  described  by  Johnston  in  Aci- 
penser and  Petromyzon.  Olfactory  fibers  of  the  second  order 
may  be  traced  into  both  the  pars  parvocellularis  anterior  and  pars 
magnocellularis,  from  the  tractus  olfactorius  medialis,  pars  later- 
alis, just  before  its  decussation.  This  agrees  with  Johnston's 
conjecture  (figs.  137,  139,  141).  Uiunedullated  fibers  arising  from 
cells  in  the  nucleus  medianus  and  pars  commissuraUs  of  the  pre- 
commissural body  respectively  also  extend  caudad,  placing  these 
two  areas  in  relation  with  the  different  parts  of  the  nucleus  preop- 
ticug  (fig.  140,  tr.  med.  preopt.  pars  ant.  and  tr.  med.  preopt.,  pars 
post.)..  The  fibers  of  the  tractus  mediano-preopticus,  pars  ante- 
rior pass  caudad,  ventral  to  the  crossing  bundles  of  the  anterior 
commissure  (figs.  37,  54).  From  it  and  from  the  tractus  mediano- 
preopticus,  pars  posterior  fine  fibers  pass  ventrad  to  end  in  either 
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side  or  ventral  to  the  recessus  preopticus  (figs.  54,  61).  These 
are  probably  homologous  with  the  'Langsfasern  des  kleinzelligen 
Kerns'  of  Goldstein  and  are,  perhaps,  concerned  with  the  move- 
ment of  cerebro-spinal  fluid. 

Immediately  ventral  to  the  recessus  preopticus  Goldstein  fig- 
ures and  describes  a  small  tract  (Taf.  11,  fig.  7),  the  connections 
of  which  he  was  unable  to  identify.  Fig.  62  shows  a  parasagittal 
section  in  which  the  relations  of  this  tract  are  clearly  shown  (tr. 
preopt.  sup.).  It  is  entirely  unmedullated  and  arises  from  small 
stellate  cells  (fig.  63)  immediately  ventral  to  the  recessus  preop- 
ticus, terminating  partly  in  the  nucleus  parvocellularis  posterior 
and  partly  in  the  nucleus  magnocellularis. 

The  most  important  longitudinal  caudal  connection  of  the 
nucleus  preopticus  is  the  large  unmedullated  tractus  praethalamo- 
cinereus.  This  originates  largely  from  the  nucleus  magnocellu- 
laris as  described  by  C.  L.  Herrick  and  Kappers,  the  fibers  extend- 
ing latero-ventrad  (figs.  72,  73,  76).  A  part  of  the  fibers,  however, 
originate  from  cells  of  the  nucleus  intermedins  and  nucleus  par- 
vocellularis anterior  (figs.  69,  72),  while  a  few  arise  in  the  nucleus 
parvocellularis  posterior  (fig.  76).  At  first,  the  tract  lies  near 
the  median  line  -  (figs.  69,  72,  73)  but  it  gradually  turns  ventro- 
laterad  (fig.  74)  to  he  ventral  to  the  lateral  forebrain  bundle 
(figs.  76,  77,  79).  As  it  is  unmedullated  and,  therefore,  of  the 
same  color  as  the  tractus  strio-thalamicus  fibers,  it  is  easily  mis- 
taken for  a  part  of  that  tract  and  was  undoubtedly  so  considered 
by  the  earlier  authors.  Immediately  caudal  to  the  postoptic 
commissures  it  bends  ventro-mesad,  entering  the  nucleus  lateralis 
tuberis  (fig.  80),  where  undoubtedly  some  of  its  fibers  terminate, 
and  where  it  probably  also  receives  accessions.  Goldstein  de- 
scribes and  figures  this  tract  but  apparently  considers  it  a  part  of 
the  tractus  strio-thalamicus,  as  he  traces  the  latter  tract,  but  not 
the  former,  into  the  nucleus  lateralis  tuberis.  From  this  nucleus 
the  tract  extends  ventrad  into  the  nucleus  ventrahs  tuberis  (fig. 
80)  where  it  doubtless  undergoes  the  same  change  as  in  the  nucleus 
lateralis  tuberis,  thence  passing  on  into  the  hypophysis,  of  which 
it  forms  the  chief  innervation,  to  terminate  particularly  in  the 
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pars  glandularis  (figs.  80,  82).  Kappers  traces  this  tract,  as  was 
previously  noted,  only  as  far  as  the  region  of  the  nucleus  lateralis 
tuberis,  which  he  fails  to  identify. 

The  "Langsbiindel  des  grosszelhgen  Kerns  deszentralen  Hohl- 
engraues"  of  Goldstein  could  not  be  identified  with  ce^taint5^  In 
sagittal  sections  a  few  medullated  fibers  arising  from  the  dorso-lat- 
eral  cells  of  the  nucleus  magnocellularis  could  be  observed  to  pass 
caudad,  closely  associated  ventrally  with  the  medial  forebrain  bun- 
dle as  was  noted  earlier,  apparently  ending  in  the  nucleus  posterior 
tuberis  and  the  nucleus  posthabenularis  (figs.  136,  140,  tr.  preopt. 
tub.).  Medullated  fibers  extending  latero-caudad  as  Goldstein 
describes  were  not  found.  It  is  possible,  however,  that  the  un- 
medullated  fibers  of  the  tractus  preoptico-posthabenularis,  pars 
anterior  may  correspond  to  Goldstein's  tract. 

In  addition  to  its  longitudinal  and  habenular  connections,  the 
nucleus  preopticus  possesses  a  number  of  important  short  trans- 
verse, or  dorso-ventral  connections,  all  of  which  are  composed  of 
unmedullated  fibers.  Rostrally  there  are  short  connections, 
running  in  both  directions  between  the  nucleus  parvocellularis 
anterior,  and  both  the  nucleus  intermedins  and  nucleus  commis- 
suralis  lateralis,  the  tractus  preoptico-intermedius,  pars  anterior; 
intermedio-preopticus,  pars  anterior;  preopticus  lateralis;  later- 
alis preopticus  (figs.  68,  69,  140) .  Further  caudally  are  found  con- 
nections between  the  nucleus  magnocellularis  and  the  nuclei  inter- 
medius  and  entopeduncularis.  The  nucleus  intermedius  connec- 
tions include  a  double  tract  medially  (figs.  72,  137,  140,  tr.  preopt. 
intermed.,  pars  med.  and  tr.  intermed.  preopt.,  pars  vied.)  and  an 
ascending  tract  passing  dorsad,  lateral  to  the  lateral  forebrain 
bundle,  the  tractus  preoptico-intermedius,  pars  lateralis  (figs. 
69,  72,  137,  140).  The  short  entopeduncular  connections  are 
shown  in  figs.  69,  72,  140,  tr.  preopt.  eiitoped.  and  tr.  entoped.  pre- 
opt. Caudally  the  nucleus  parvocellularis  posterior  and  the  nu- 
cleus magnocellularis  are  related  to  the  nucleus  posthabenularis 
through  ascending  fibers  to  the  nucleus  posthabenularis  from  both 
these  nuclei,  and  descending  fibers  from  it  to  the  nucleus  parvo- 
cellularis posterior  (fig.  140,  tr.  preopt.  posthab.,  pars  ant.  and  pars 
post,  and  tr.  posthab.  preopt.,  pars  ant.). 
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There  are  also  ascending  and  descending  unmedullated  fibers 
running  between  the  nucleus  posthabenularis  and  the  nucleus 
intermedins  (tr.  intermed.  posthah.  and  tr.  posthab.  inter med. ) . 
Connections  between  the  nucleus  entopeduncularis  and  the 
nucleus  intermedins  may  likewise  be  found  (tr.  intermed.  entoped. 
and  entoped.  intermed.).      .  , 

All  of  these  latter  short  connections  contain  few  fibers  and  in 
many  cases  form  little  more  than  a  reticular  network  between 
different  parts  of  closely  related  regions;  they  can  not  be  demon- 
strated by  means  of  Weigert  preparations,  but  come  out  only 
in  the  silver  methods,  particularly  the  Ramon  y  Cajal.  They  are 
chiefly  important  in  emphasizing  the  intimate  relation  between 
all  parts  of  the  brain,  and  particularly,  closely  related  morpholog- 
ical areas,  through  the  formatio  reticularis. 

This  covers  all  of  the  direct  olfactory  connections  which  could 
be  identified,  but  does  not  include  the  further  connections  of  the 
different  tertiary  thalamic  centers  with  other  points  in  the  dien- 
cephalon,  mesencephalon,  cerebellum,  medulla  and  spinal  cord. 
Some  of  these  are  shown,  however,  in  the  Weigert  transections. 
It  is  expected  that  an  article  will  appear  later  in  which  the  mor- 
phological relations  and  functions  of  the  different  diencephalic 
centers  will  be  taken  up  in  detail,  in  which  these  further  connec- 
tions will  be  brought  out.  Until  that  time,  it  is  not  deemed  wise 
to  discuss  in  detail  the  morphological  bearing  of  the  thalamic 
olfactory  connections,  although  some  points  will  be  taken  up 
later  in  the  interpretation  of  results. 

5.  THE  CONDUCTION  PATHWAYS 

At  this  point  it  may  be  well  to  point  out  the  different  pathways 
which  an  impulse  of  a  given  character  may  follow.  Of  the  vari- 
ous possible,  anatomically  demonstrated  paths  open  to  a  given 
impulse,  the  one  chosen  under  given  conditions  can  be  unques- 
tionably accepted  only  when  physiological  evidence  can  be  offered 
in  support.  Nevertheless,  impulses  must  follow  conduction  paths, 
and  we  may,  therefore,  plot  out  anatomically  extensive  impulse 
pathways  with  an  exceptional  degree  of  accuracy,  as  is  shown  in 
the  cases  where  a  physiological  check  has  been  used. 
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Descending  pathways 

Nervus  terminalis.  In  this  case  an  impulse  may  travel  from 
the  periphery  to  ganglion  cells  situated  among  the  olfactory  nerve 
fibers  and  thence  to  a  decussation  among  the  rostral  cells  of  the 
bed  of  the  anterior  commissure.    Its  further  course  is  not  known. 

The  olfactory  neurones  of  the  first'  order  end  throughout  the 
lateral,  rostral  and  rostro-medial  face  of  the  bulb.  Fibers  from 
all  three  areas  form  the  tractus  olfactorii  lateralis,  and  medialis, 
pars  lateralis,  for  the  nucleus  olfactorius  lateralis  and  nucleus 
pyriformis  of  the  basal  lobes  (fig.  137).  From  the  lobus  pjTi- 
formis  originate  the  tractus  teniae  for  the  habenula  of  the  opposite 
side,  and  the  tractus  olfacto-hypothalamicus  lateralis  for  the 
nucleus  cerebellaris  hypothalami  and  the  nucleus  diffusus  lobi 
laterahs  of  the  same  side  (fig.  137). 

The  corpus  preconmaissurale  stands  in  relation,  chiefly,  with 
the  more  medial  portion  of  the  bulb,  through  the  tractus  olfacto- 
rius, pars  medialis  and  pars  lateralis,  which  terminate  largely  in 
the  nucleus  medianus  of.  the  same  and  opposite  side,  in  the  com- 
missure bed,  and  in  the  pars  supracommissuralis  of  the  same  side. 
The  pars  lateralis,  after  decussation,  sends  also  a  few  fibers  to  the 
nucleus  intermedins  (fig.  137). 

From  the  corpus  precommissurale  there  are,  likewise^  two  great 
pathways  open.  In  one  case  cells  with  short  neurites,  forming 
the  fibrae  precommissurales  striatici,  transfer  the  impulse  to 
the  palaeostriatum,  whence  it  is  carried  by  the  tractus  strio- 
thalamicus  to  the  nuclei  anterior  tub?ris,  prerotundus,  rotundus, 
subrotundus,  posterior  thalami,  cerebellaris  hypothalami  and  dif- 
fusus lobi  lateralis  of  the  same  side;  and  the  nuclei  rotundus, 
subrotundus,  and  diffusus  lobi  lateralis  of  the  opposite  side  (fig. 
139).  The  other  connection  is  through  the  median  forebrain 
bundle,  which  places  the  nucleus  supracommissuralis  chiefly, 
but  other  parts  of  the  corpus  precommissurale  as  well,  in  relation 
with  the  nuclei  rotundus,  subrotundvis  and  posterior  thalami. 
A  third  connection,  less  prominent  but  of  considerable  morpho- 
logical importance,  is  with  the  nucleus  preopticus.  This  receives 
two  small  bundles  from  the  nucleus  medianus,  the  tractus  mediano- 
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preoptic!  and  also  secondary  olfactory  fibers  from  the  tractus 
olfactorius  medialis,  pars  lateralis,  before  its  decussation  (fig.  136). 
It  thus  receives  both  secondary  and  tertiary  olfactory  fibers. 

Very  similar  to  the  precommissural,  and  of  great  morphological 
significance,  are  the  descending  connections  of  the  primordium 
hippocampi.  The  latter  receives  secondary  olfactory  fibers  from 
the  tractus  olfactorius  medialis,  pars  medialis,  and  gives  rise  to 
fibers  for  the  tractus  olfacto-thalamicus,  pars  dorsalis,  for  the 
diencephalon. 

The  important  descending  pathway  from  the  nucleus  preopti- 
cus  is  the  tractus  praethalamo-cinereus  from  the  nucleus  magno- 
cellularis  to  the  hypophysis,  together  with  the  nuclei  lateralis  and 
ven trails  tuberis.  Besides  this  there  is  the  tractus  preoptico- 
tuberis  from  the  same  nucleus  to  the  region  of  the  nucleus  pos- 
terior tuberis  and  the  nucleus  posthabenularis.  Both  of  these 
are  probably  neurones  of  the  fourth  order. 

Important  neurones,  chiefly  of  the  third  order,  connect  the 
nucleus  preoptions  with  the  habenulae,  originating  from  all  parts 
of  the  nucleus  (figs.  141,  142). 

Neurones  of  the  fourth  order  originate  in  the  habenular  ganglia 
and  pass  caudo-ventrad,  the  fasciculus  retroflexus  for  the  corpus 
interpedunculare,  and  the  tractus  habenulo-diencephalicus  for  the 
formatio  reticularis  in  the  region  of  the  nucleus  posterior  tuberis 
(figs.  141,  142). 

It  will  be  noted,  then,  that  the  olfactory  neurones  of  the  first 
order,  or  olfactory  nerve,  carries  impulses  to  all  parts  of  the  lateral, 
rostral  and  mesal  aspects  of  the  bulb.  From  the  lateral  part  of  the 
bulb,  chiefly,  but  also  from  the  mesal,  impulses  are  carried  by 
neurones  of  the  second  order  to  the  lateral  area  of  the  basal  lobes. 
Thence  neurones  of  the  third  order  carry  the  impulse  either  to  the 
habenula,  or  else  to  the  nucleus  posterior  thalami,  or  the  diffuse 
cellular  area  of  the  caudal  part  of  the  inferior  lobes.  From  the 
mesal  portion  of  the  bulb  impulses  are  carried  to  all  parts  of  the 
mesal  olfactory  area,  or  corpus  precommissural  and  primordium 
hippocampi,  by  neurones  of  the  second  order,  which  also  reach  the 
nucleus  preoptions,  further  caudally.  From  the  mesal  area  im- 
pulses may  travel  by  neurones  of  the  third  order  to  the  palaeostria- 
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turn,  and  thence  by  quaternary  fibers  of  the  tractus  strio-thalami- 
cus  to  practically  all  the  nuclei  of  the  thalamus  and  h3^pothalamus. 

Or  impulses  will  more  usually  take  a  tract  of  the  third  order, 
the  median  forebrain  bundle,  for  the  region  of  the  nuclei  rotundus, 
subrotundus,  posterior  thalami.  Other  impulses  may  continue 
into  the  nucleus  preopticus  with  fibers  of  the  third  order,  the 
tractus  mediano-preoptici,  or  may  reach  the  more  rostral  parts  of 
the  nucleus  by  means  of  fibers  of  the  second  order.  Neurones  of 
the  third  order,  largely,  carry  impulses  from  all  parts  of  the 
nucleus  preopticus  to  the  habenular  ganglia.  It  is,  therefore, 
probable  that  the  nucleus  preopticus  stands  in  much  the  same  rela- 
tion to  the  habenulae  as  does  the  nucleus  pyriformis.  From  the 
nucleus  preopticus  fibers  of  the  fourth  order  reach  the  nucleus  pos- 
terior tuberis  and  hypophysis,  while  from  the  habenulae  such  fibers 
pass  to  the  corpus  interpedunculare  and  the  medial  thalamus. 

Motor  correlation  probably  takes  place  through  two  connections; 
one  of  these  is  by  means  of  the  corpus  interpedunculare,  which  sends 
fibers,  according  to  Ramon  y  Cajal  and  Edinger,  to  the  nucleus 
dorsalis  tegmenti  in  higher  forms,  from  which  fibers  undoubtedly 
pass  into  the  great  bulbar  and  spinal  descending  tracts  for  the 
transmission  of  somatic  motor  impulses.  Other  connections  may 
also  develop  when  this  nucleus  and  its  relations  are  more  thor- 
oughly worked  out.  Another  connection  is  by  way  of  the  tractus 
thalamo-bulbares  et  spinales  from  the  thalamus  to  the  medulla 
and  cord  (Johnston,  '06).  In  teleosts  the  more  usual  motor 
pathway  for  the  simple  direct  olfactory  impulses  is  probably  by 
way  of  the  corpus  interpedunculare.  This  pathway  is  the  more 
definitely  laid  down  and  involves  the  more  direct  connections. 
An  impulse  may  pass  to  any  part  of  the  bulb,  practically,  from 
the  olf actor}'  mucous  membrane,  thence  to  the  lateral  olfactory 
area,  thence  by  the  definite,  medullated  tractus  teniae  to  the 
habenular  ganglia,  thence  by  the  powerful  fasciculus  retroflexus 
to  the  corpus  interpedunculare  and  thence  to  the  tegmental  region 
of  the  mesencephalon,  whence  it  may  come  into  relation  with  the 
motor  areas  of  the  midbrain,  medulla  and  spinal  cord. 

The  olfactorj'  connection  with  the  thalamus  is  not  so  simple 
and  direct.    An  impulse  must  pass  from  the  corpus  precommis- 
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surale  by  way  of  the  comparatively  few  fibrae  precommissural es 
striatici  to  the  palaeostriatum  and  thence  through  the  tractus 
strio-thalamicus,  or  else  from  the  corpus  precommissural  by 
way  of  the  descending  fibers  of  the  medial  forebrain  bundle.  In 
neither  of  these  cases  do  we  find  so  definite  and  compact  a  path- 
way as  that  first  outlined,  wherefore  we  may  conclude  that  the 
first  is  the  more  usual  path  for  the  direct  olfacto-motor  reflexes. 
Another  possible  motor  connection  is  through  the  preoptico- 
habenularis  fibers  to  the  habenular  region,  and  thence  through  the 
fasciculus  retroflexus,  as  above  indicated.  This  is  probably  a 
very  unusual  pathway  as  the  connections  just  mentioned  are 
very  diffuse  and  are  undoubtedly  simply  the  vestiges  of  a  once 
powerful  pathway,  now  of  less  functional  importance  (cf .  Acipen- 
ser).  The  functions  of  these  latter  pathways  will  be  considered 
later. 

It  is  quite  probable  that  there  exist  also  somatic  fibers  connect- 
ing the  epithalamic  with  the  visual  centers,  although  such  were  not 
demonstrated  (Herrick, '  1 0  b,  pp .  468-469) .  The  relation  between 
the  ventral  hypothalamic  region  and  the  visceral  (gustatory) 
pathways  in  teleostean  fishes  will  be  brought  out  later  (see  also 
the  discussion  in  the  above  mentioned  paper  of  Herrick) . 

Ascending  pathways 

There  is  no  evidence  for  the  existence  of  centrifugal  fibers  in 
the  olfactory  nerve  bundles.  Ascending  fibers  from  the  dien- 
cephalon  include  fibers  from  the  lateral  and  ventral  portions  of  the 
inferior  lobes  to  the  nucleus  pyriformis  (tractus  hypothalamo- 
olfactorius  lateralis) ;  fibers  from  the  ventro-lateral  part  of  the 
inferior  lobes,  the  nucleus  prerotundus  and  nucleus  anterior 
tuberis  especially,  and  possibly  the  nucleus  rotundus  to  the  palaeo- 
striatum and  nucleus  olfactorius  lateralis  by  way  of  the  tractus 
thalamo-striaticus ;  and  the  fibers  from  the  nucleus  posterior 
tuberis  to  the  corpus  precommissural.  From  the  corpus  pre- 
commissural, nucleus  medianus,  fibers  pass  to  the  nucleus  olfac- 
torius anterior  in  the  tractus  olfactorius  ascendens  (figs.  136,  137). 
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C.  Judson  Herrick  traces  the  gustatory  fibers  of  the  fourth 
order  into  the  caudal  portion  of  the  inferior  lobes;  it  is  likewise 
probable  that  tactile  and  other  general  sensory  fibers  reach  the 
dorsal  thalamic  region  through  the  medial  lemniscus  fibers.  It 
is,  therefore,  probable,  as  Johnston  and  Herrick  have  already 
pointed  out,  that  the  ascending  fibers  from  the  pars  dorsalis  of 
the  thalamus  and  from  the  hypothalamus  are  in  the  nature  of 
general  somatic  and  visceral  sensory  forebrain  connections,  respec- 
tively. The  relations  of  the  nucleus  posterior  tuberis  need  to  be 
better  understood,  however,  before  the  function  of  this  ascending 
tract  can  be  stated  positively.  It  may  be  a  connection  for  the 
transmission  of  visceral  and  somatic  sensory  impulses  to  the  olfac- 
tory bulbs  through  the  tractus  olf actorius  ascendens. 

Association  connections 

Cajal  and  Golgi  preparations  show  that  practically  all  parts  of 
the  brain  are  permeated  by  a  closely  meshed  reticulum  of  fine 
fibers,  the  '  Punktsubstanz'  or  formatio  reticularis.  In  certain 
preparations  it  is  almost  impossible  to  identify  individual  cells, 
so  close  is  the  fibrous  mesh.  All  parts  of  closely  related  regions, 
such  as  the  different  nuclei  of  the  corpus  precormnissurale,  are 
also  placed  in  relation  by  means  of  large  numbers  of  short  con- 
nections. The  same  holds  true  with  respect  to  regions  derived 
from  the  same  morphological  structure.  This  explains  the  con- 
nections between  the  nucleus  intermedins  and  the  nucleus  post- 
habenularis,  both  of  which  are  probably  parts  of  the  same  dorsal 
olfactory  column.  It  was  noted  earlier  how  the  nucleus  medianus 
separates  into  dorsal  and  ventral  columns;  howthedorsal  continues 
caudo-laterad  as  the  nucleus  supracommissuralis,  nucleus  inter- 
medins, nucleus  posthabenularis  and  habenulae;  and  how  the 
ventral  continues  as  the  pars  commissuralis,  nucleus  medianus 
and  the  nucleus  preoptions.  It  is,  therefore,  to  be  expected,  after 
what  has  been  said  regarding  the  close  connection  of  associated 
regions  that  these  two  dorsal  and  ventral  columns  would  possess 
short  association  connections.  Such  is  the  case  and,  while  these 
fibers  have  been  given  the  name  of  tracts,  they  are  really  all  a 
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part  of  the  same  set  of  association  fibers.  The  connections  include 
all  the  nucleus  preopticus-nucleus  intermedius,  posthabenularis, 
ganglia  habenularum,  nucleus  commissuralis,  nucleus  entopedun- 
cularis  connections  (fig.  140) .  Such  connections  also  exist  between 
the  corpus  precommissurale  and  the  primordium  hippocampi. 

Co7nmissural  connections 

These  include  the  commissura  interbulbaris  between  the  two 
olfactory  bulbs  (?) ;  the  commissura  hippocampi,  pars  anterior 
connecting  the  two  primordia  hippocampi  or  nuclei  dorsales; 
the  commissura  hippocampi,  pars  posterior,  joining  the  lobi  pyri- 
formes;  the  commissura  corporium  precommissuralium,  between 
the  partes  supracommissurales ;  and  the  commissurae  nucleorum 
preopticorum,  all  present  in  the  anterior  commissure.  The  pyri- 
form  lobes  may  also  be  connected  through  the  superior  or  haben- 
ular  commissure  forming  a  conmaissura  aberrans. 

The  formatio  reticularis 

In  any  discussion  of  the  different  pathways  it  must  never  be 
forgotten  that  the  fine,  reticular  network  of  the  formatio  reticu- 
laris type  is  of  great  functional  importance.  In  the  past  the 
tendency  has  been  to  consider  only  the  tracts  laid  down  in  definite 
bundles.  It  is  probable  that  in  the  phylogeny  of  a  fiber  tract  the 
heavily  myelinated  bundle  is  the  latest  stage.  In  early  stages, 
different  areas  are  connected  by  a  diffuse  network  of  unmedul- 
lated  fibers,  through  which  impulses  may  take  many  courses.  As 
phylogenetic  developrnent  proceeds,  impulses  tend  to  take  more 
and  more  definite  paths  through  the  maze  of  the  reticulum; 
thus  the  diffuse  unmedullated  fiber  connection  is  formed.  Next 
this  diffuse  connection  becomes  more  compact  and  usually  myelin- 
ated. It  should  not  be  implied  that  the  myelinated  tract  is  more 
efficient  for  all  connections,  as  it  probably  comes  into  existence 
chiefiy  when  there  is  necessity  for  a  stereotyped  reflex ;  to  prevent, 
possibly,  'loss  of  current'  through  diffusion,  to  use  an  electrical 
analogy.  In  spite  of  this,  there  is  no  question  but  that  the  more 
diffuse  connections  are  of  the  utmost  importance  in  putting  into 
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relation  different  parts  of  the  nervous  system,  and  in  causing  it  to 
react  as  one  correlated,  organic  whole. 

6.  THE  MORPHOLOGICAL  AREAS  OF  THE  FOREBRAIN 

On  the  basis  of  the  facts  brought  forward  in  the  previous 
discussion,  the  forebrain  of  teleosts  may  be  divided  into  morpho- 
logically distinct  centers,  according  to  the  following  table: 

Telencephalon.  . 

Bulbus  olfactorius 
Nucleus  olfactorius  anterior 

Pars  lateralis  hemisphaerii  (pars  dorso-lateralis,  Herrick) 
Nucleus  olfactorius  lateralis 
Tuberculum  anterius 
Tuberculum  laterale 
Lobus  pyriformis 
Nucleus  teniae 
Pars  medialis  hemisphaerii  (pars  ventro-medialis,  Herrick) 
Corpus  precommissurale 
Nucleus  medianus 
Pars  commissuralis 
Pars  supracommissuralis 
(Nucleus  intermedius,  in  part,  at  least) 
Primordium  hippocampi,  or  nucleus  olfactorius  dorsalis  (pars  dorso-medi- 

alis,  Herrick) 
Palaeostriatum  (pars  ventro-lateralis,  Herrick) 
Nucleus  commissuralis  lateralis 
Nucleus  entopeduncularis 
Nucleus  preopticus 

Pars  parvocellularis 
Pars  magnocellularis 

Johnston  ('11)  has  made  an  important  contribution  to  the  mor- 
phology of  the  forebrain  of  fishes  in  his  analysis  of  the  'somatic 
area'  of  selachians.  This  paper  came  into  my  hands  after  the 
present  contribution  was  ready  for  the  press,  and  I  have  not  had 
an  opportunity  to  make  a  thorough  inquiry  into  the  teleostean 
homologies  of  this  selachian  area.  Pending  further  study  of 
this  question,  I  may  say  that  it  now  seems  probable  that  some 
or  all  of  the  following  regions  of  the  carp  brain  correspond  with 
the  selachian  somatic  area  of  Johnston:  palaeostriatum,  nucleus 
teniae,  nucleus  intermedius  of  the  precommissural  body,  nucleus 
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commissuralis  lateralis  and  nucleus  entopeduncularis.  The  fiber 
connections  of  several  of  these  nuclei  are  still  very  imperfectly 
known  and  their  morphological  interpretation  should  therefore 
be  considered  purely  provisional  until  this  knowledge  is  extended. ^ 

III.  DISCUSSION 

The  structural  plan  of  the  teleostean  diencephalon  and  telen- 
cephalon is  very  different  from  that  of  any  other  vertebrate  type 
excepting  the  higher  ganoids  (notably  Amia);  but  as  we  follow 
down  the  phylogenetic  series  through  the  lower  ganoids  to  the 
generalized  fishes,  we  approach  progressively  nearer  to  the  com- 
mon vertebrate  type.  When  the  development  of  the  teleostean 
brain  is  more  fully  known  it  will  probably  prove  easy  to  follow 
here  also  the  sequence  of  form  changes  from  a  generalized  type. 

It  is  generally  accepted  that  the  primitive  form  of  the  verte- 
brate central  nervous  system  was  a  simple  epithelial  tube  and  that 
from  its  rostral  end  two  pairs  of  lateral  vesicles  were  evaginated. 
One  of  these  comes  from  the  diencephalon  to  form  the  optic  ves- 
icles: the  other  comes  from  the  telencephalon  to  form  the  cere- 
bral hemispheres.  The  telencephalon  must  be  defined,  as  taught 
by  His  and  Johnston,  as  the  rostral  segment  of  the  neural  tube, 
including  the  hemispheres  evaginated  from  it,  and  not  as  the  hemi- 
speres  alone,  as  in  the  BNA  tables. 

There  is  the  greatest  diversity  in  different  vertebrate  types 
in  the  relative  amounts  of  the  telencephalic  segment  which  are 
evaginated  into  the  hemispheres,  but  in  no  case  is  the  whole  of 
this  segment  represented  in  the  hemispheres.  Accordingly, 
we  subdivide  the  telencephalon  into  telencephalon  medium  and 

1  Johnston's  still  more  recent  paper  on  the  telencephalon  of  ganoids  and  tele- 
osts  (Jour.  Comp.  Neur.,  vol.  21,  no.  6,  December,  1911).  appeared  while  this  con- 
tribution was  in  press.  His  results  differ  in  some  matters  of  fact  and  in  several 
matters  of  interpretation  from  my  own.  So  far  as  these  concern  the  somatic  or 
non-olfactory  connections,  they  do  not  fall  within  the  scope  of  this  article.  Some 
of  his  morphological  conclusions  1  think  rest  upon  an  incomplete  knowledge  of 
the  anatomical  facts;  but  since  the  homologies  of  the  telencephalic  and  dien- 
cephalic centers  in  the  carp  and  other  lower  vertebrates  will  be  fully  discussed  in  a 
forthcoming  paper,  Johnston's  conclusions  will  not  be  further  considered  at  this 
time. 
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cerebral  hemispheres,  and  recognize  that  in  general  the  hemis- 
pheres increase  at  the  expense  of  the  telencephalon  medium  as  we 
ascend  the  phylogenetic  series.  For  further  discussion  of  this 
question,  see  Johnston  ('09)  and  Herrick  ('10  b).  The  latter 
author,  on  the  basis  of  the  examination  of  a  series  of  embryonic 
and  adult  brains  of  different  vertebrates,  has  studied  the  method 
of  evagination  of  the  cerebral  hemispheres  in  relation  with  the 
functional  connections  of  the  different  parts  of  the  neural  tube 
involved  in  this  process  and  has  devised  a  schematic  picture  of 
the  probable  relations  of  the  functional  subdivisions  of  the  nem-al 
tube  in  a  primordial  vertebrate  whose  optic  and  cerebral  vesicles 
were  still  in  the  unevaginated  condition  ('10  b,  fig.  72).  See 
also  Johnston  ('11),  fig.  82. 

In  such  an  ancestral  type  the  sulcus  limitans,  terminating  in  the 
preoptic  recess,  separates  the  ventral  lamina  of  the  neural  tube 
(Bodenplatte  or  hypencephaUc  region  of  His)  from  the  dorsal 
lamina  (Fliigelplatte  o-r  epencephalic  region) .  The  ventral  lamina 
therefore,  ends  in  the  chiasma  ridge  and  all  of  the  diencephalon 
and  telencephalon  dorsal  and  rostral  to  the  sulcus  limitans  be- 
longs in  the  primary  dorsal  lamina,  i.e.,  to  the  sensory  or  recep- 
tive region.  The  chief  sensory  function  of  this  region  was,  in  the 
telencephalon,  primitively,  olfaction.  The  tissue  in  the  ventral 
part  of  this  region,  which  lies  in  contact  with  the  ventral  (effer- 
ent) lamina  behind,  secondarily  assumed  the  function  of  motor 
correlation  tissue,  this  part  being  usually  above  fishes  separated 
from  the  dorsal  part  by  a  sulcus,  the  sulcus  medius  (sulcus  Mon- 
roi  of  authors),  which  in  higher  forms  extends  caudad  from  the 
interventricular  foramen.  By  a  process  of  further  differentia- 
tion the  part  above  the  sulcus  medius  becomes  divided  into  epi- 
thalamus  and  pars  dorsaUs  thalami,  and  the  part  below  the  sulcus 
medius  into  pars  ventralis  thalami  and  hypothalamus,  the  latter 
extending  forward  beyond  the  chiasma  ridge  into  direct  continu- 
ity with  the  preoptic  nucleus. 

The  relations  just  described  are  preserved  in  the  diencephalon  " 
of  adult  brains  of  many  of  the  Ichthyopsida  and  are  visible 
in  embryos  of  many  higher  vertebrates.    A  transection  taken 
through  the  rostral  end  of  the  diencephalon,  accordingly,  in  these 
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lower  vertebrates  shows,  in  addition  to  the  membranous  median 
plates  in  the  roof  and  floor,  four  longitudinal  columns  or  laminae 
on  each  side,  viz.,  the  epithalamus,  pars  dorsalis  thalami,  pars 
ventralis  thalami  and  hypothalamus  (fig.  128).  The  last  two 
contain  motor  correlation  tissue,  with  somatic  and  visceral  ele- 
ments, respectively,  predominating. 

In  the  primordial  vertebrate  these  four  columns  probably 
extended  forward  into  the  telencephalon  without  fundamental 
change.  In  all  existing  vertebrate  types  variable  amounts  of  this 
telencephalic  tissue  are  evaginated  to  form  the  cerebral  hemi- 
spheres. The  olfactory  bulb  clearly  formed  the  initial  center  of 
evagination.  In  cyclostomes  the  hemisphere  is  composed  of 
olfactory  bulb,  with  part  of  the  secondary  olfactory  nucleus  (these 
coming  from  the  telencephalic  extension  of  the  pars  dorsalis 
thalami) ,  and  a  very  small  corpus  striatum,  this  being  an  extension 
of  the  pars  ventralis  thalami.  In  the  lower  elasmobranchs  the 
olfactory  bulb  is  fully  evaginated  and  the  telencephalon  medium 
greatly  elongated,  with  great  thickening  and  a  very  slight  evagina- 
tion of  its  rostral  end.  In  the  higher  sharks  the  telencephalon 
medium  is  shortened  in  correlation  with  an  increase  in  the  thicken- 
ing of  the  tissue  about  the  lamina  terminalis  and  the  further  eva- 
gination in  this  region  of  the  secondary  olfactory  centers. 

The  Dipnoi  show  a  very  different  line  of  specialization.  The 
olfactory  bulbs  are  in  all  cases  fully  evaginated.  The  telen- 
cephalon is  not  greatly  elongated  (except  in  adult  Ceratodus)  and 
its  lateral  walls  are  uniformly  thickened  and  more  or  less  com- 
pletely evaginated  to  form  the  cerebral  hemispheres,  whose  form 
and  structure,  especially  in  the  case  of  Lepidosiren,  are  very  close 
to  those  of  Amphibia. 

The  morphology  of  the  amphibian  cerebral  hemisphere  has 
been  fully  discussed  in  the  paper  cited  (Herrick,  '10  b),  the  author 
showing  that  it  is  naturally  divided  into  four  parts  (exclusive  of 
the  olfactory  bulb),  viz.,  (1)  pars  dorso-medialis  (primordium 
hippocampi),  (2)  pars  dorso-lateralis  (primordium  of  the  pyri- 
form  lobe),  (3)  pars  ventro-lateralis  (primordium  of  the  corpus 
striatum)  and  (4)  pars  ventro-medialis  (precommissural  body  and 
septum) .    He  shows  further  that  these  four  parts  are  the  telen- 
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cephalic  extensions  respectively  of  (1)  the  epithalamus,  (2)  the  pars 
dorsalis  thalami,  (3)  the  pars  ventralis  thalami  and  (4)  the  hj^jo- 
thalamus  and  tissues  surrounding  the  preoptic  recess.  The  cere- 
bral hemispheres  of  amniote  vertebrates  are  modifications  of  this 
fundamental  pattern. 

The  teleostean  forebrain  conforms  neither  to  the  selachian  nor 
to  the  dipnoan  and  amphibian  type.  Further  analysis  of  the  series 
of  ganoidean  types  and  of  the  ontogeny  of  the  teleosts  will  doubt- 
less shed  light  upon  the  steps  by  which  the  teleostean  pecularities 
have  been  acquired.  The  study  of  the  form  and  fiber  connections 
of  the  adult  brain,  together  with  the  available  data  bearing  on 
its  phylogeny  and  ontogeny,  suggests  the  following  interpretation. 

It  is  evident  that  the  teleostean  olfactory  bulbs  are  completely 
evaginated  and  that  they  have  carried  out  with  them  a  small 
amount  of  secondary  olfactory  tissue,  the  nucleus  olfactorius  ante- 
rior. The  remainder  of  the  telencephalon  remains  unevaginated 
as  the  telencephalon  medium,  which  is,  moreover,  considerably 
elongated.  The  failure  of  any  considerable  part  of  the  telen- 
cephalon, except  the  olfactory  bulbs,  to  evaginate  laterally  is  the 
basis  of  its  difference  from  that  of  the  Dipnoi  and  Amphibia. 
The  fact  that  the  increase  in  its  tissue  takes  place  uniformly 
throughout  its  length  or  somewhat  more  at  its  caudal  end  instead 
of  at  its  rostral  end  is  the  basis  of  its  difference  from  the  elasmo- 
branchs. 

The  increase  in  the  mass  of  the  telencephalon  occurs  under 
the  influence  of  two  chief  factors:  (1)  olfactory  impulses  coming 
in  by  way  of  the  olfactory  bulbs,  (2)  non-olfactory  sensory  im- 
pulses coming  in  for  correlation  purposes  from  the  thalamus  and 
hypothalamus.  The  correlation  sought  in  the  lower  forms  was 
exclusively  with  the  olfactory  apparatus;  olfacto-somatic  in  the 
case  of  the  thalamic  tracts,  and  olfacto-visceral  in  the  case  of  the 
hypothalamic  tracts.  In  higher  vertebrates  the  non-olfactory 
systems  effect  correlations  inter-se  thus  giving  rise  to  the  neopal- 
lium; but  little,  if  any  of  this  sort  of  correlation  occurs  in  fishes. 

In  the  teleostean  brain,  as  has  been  pointed  out  earlier,  the 
arrangement  of  the  telo-diencephalic  centers  in  the  form  of 
longitudinal  columns,  is  plainly  evident.    At  the  rostral  end  of 
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the  basal  lobe  the  ventro-medial  column  appears  in  its  primitive 
relations,  forming  here  the  nucleus  medianus  of  the  precommis- 
sural body.  Passing  caudad  the  nucleus  medianus  bifurcates 
at  the  anterior  commissure  into  the  dorsal  pars  supracommis- 
suralis  and  the  ventral  pars  commissuralis  or  commissure  bed. 
The  latter  is  directly  continuous  with  the  nucleus  preopticus, 
which  in  turn  grades  almost  insensibly  into  the  hypothalamic 
nuclei.  The  pars  supracommissuralis  becomes  continuous  cau- 
dally  with  the  nucleus  intermedins.  The  cells  of  the  latter  nucleus 
likewise  grade  over  into  those  of  the  nucleus  posthabenularis  and 
habenula,  but  this  connection  is  probably  secondary,  as  will  be 
brought  out  later. 

The  other  diencephalic  columns  are  interrupted  at  the  level 
of  the  velum  transversum  save  for  the  fiber  tracts  of  the  basal 
forebrain  bundles.  Dorsal  to  the  ventro-medial  column  lies  the 
primordium  hippocampi  rostrally,  immediately  above  the  corpus 
precommissurale.  This,  the  dorso-medial  column  of  Herrick,  is 
probably  the  telencephalic  extension  of  the  epithalamic  habenula 
and  nucleus  posthabenularis  of  the  diencephalon. 

The  nucleus  entopeduncularis  probably  belongs  to  the  same 
column  as  the  pars  ventralis  thalami,  the  pars  ventro- lateralis 
of  Herrick,  which  expands  rostrally  to  form  the  palaeostriatum. 
In  the  evaginated  hemispheres  of  the  Dipnoi  and  Amphibia  the 
striatal  complex  is  carried  outward  into  the  ventro-lateral  wall 
of  the  hemisphere  vesicle.  In  teleosts  the  wall  as  a  whole  does 
not  evaginate  in  this  way;  but  the  striatum  complex,  with  the 
associated  lateral  forebrain  tract,  moves  outward  within  the 
solid  basal  lobe  away  from  the  ventricular  surface  and  toward  the 
lateral  surface  of  the  brain,  a  movement  which  has  been  carried 
to  a  greater  extreme  in  the  'somatic  area'  of  elasmobranchs 
(Johnston,  '11).  The  precommissural  body  and  the  palaeostria- 
tum are  to  be  regarded  as  extensions  of  the  hypothalamus  and  ven- 
tral part  of  the  thalamus  respectively  and,  therefore,  as  equiva- 
lent to  the  pars  basalis,  or  pars  subpallialis,  of  the  amphibian 
hemisphere.  The  remainder  of  the  basal  lobe  is  the  extension 
of  the  epithalamus  and  dorsal  part  of  the  thalamus  and,  there- 
fore, is  the  equivalent  of  the  pars  pallialis  of  the  amphibian  brain. 
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The  olfactory  crus  is  attached  to  the  rostral  end  of  the  basal 
lobe  by  two  systems  of  tracts,  a  medial  and  a  lateral.  The  former, 
as  in  Amphibia,  connects  chieflj^  with  the  precommissm-al  body 
(tractus  olfactorius  medialis)  and  in  smaller  measure  with 
the  dorso-medial  part  of  the  basal  lobes  termed  primordium 
hippocampi  in  this  paper,  this  relation  being  in  principle  similar 
to  that  of  Amphibia  and  higher  forms.  The  closely  associated 
nervus  terminalis  and  tractus  olfactorius  ascendens  have  been 
discussed  in  another  connection.  The  tractus  olfactorius  lateralis 
connects  chiefly  with  the  lateral  part  of  the  basal  lobe,  the 
nucleus  olfactorius  lateralis  and  the  nucleus  pyriformis.  These 
nuclei  correspond  in  a  general  way  with  the  dorso-lateral  part  of  the 
amphibian  hemisphere,  or  primordium  of  the  lob  us  pjTiformis. 
Like  the  palaeostriatum,  they  tend  to  move  laterad  awaj^  from  the 
ventricular  and  toward  the  lateral  surface  of  the  basal  lobe. 

In  vertebrates  with  evaginated  hemipheres  the  two  dorsal 
parts  (pars  pallialis)  he  on  opposite  sides  of  the  lateral  ventricle 
and  in  later  phylogenetic  stages  become  respectively  the  hippo- 
campus and  the  pyriform  lobe.  In  the  teleosts  these  parts  are 
very  imperfectly  separated,  especially  at  the  rostral  end  of  the 
basal  lobe;  here  both  are  parts  of  a  common  secondary  olfactory 
nucleus.  Incident  to  the  progressive  enlargement  of  the  telen- 
cephalon without  the  evagination  of  its  walls,  the  thickened  second- 
ary olfactory  nucleus  moves  laterad,  carrying  with  it  the  taenia, 
or  hne  of  attachment  of  the  membranous  roof,  which  accord- 
ingly becomes  dilated  laterally.  (See  figs.  126  to  134  illustrating 
the  arrangement  of  these  parts  and  the  process  of  eversion.) 

It  will  be  observed  that  the  teleostean  form  has  not  been 
reached  by  a  simple  process  of  eversion  of  the  whole  wall  such  as 
that  suggested  by  Mrs.  Gage  ('92;  see  fig.  135);  for  that  would 
bring  the  primordium  hippocampi,  which  borders  the  taenia  in 
Amphibia,  far  ventro-laterally  in  the  teleosts.  This  appears  not 
to  be  the  case,  but  a  portion  of  the  dorsal  secondarj''  olfactory 
nucleus  retains  its  dorso-medial  position  with  reference  to  the 
other  massive  structures,  in  spite  of  the  lateral  movement  of  the 
taenia.  The  movement  in  question  is  not,  in  fact,  a  simple  lateral 
bending  of  the  whole  wall  at  the  sulcus  limitans  telencephali, 
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but  rather  a  gradual  plastic  movement  of  the  material,  such  that, 
while  the  precommissural  body  and  the  medial  part  of  the  dorsal 
olfactory  nuclei  remain  in  the  original  position,  the  intervening 
portions  of  the  lateral  wall  move  toward  the  lateral  part,  thus 
bringing  the  dorsal  olfactory  nucleus  and  the  precommissural 
body  into  contact  at  the  sulcus  limitans.  The  palaeostriatum 
moves  laterad  only  a  short  distance,  coming  to  occupy  the  middle 
of  the  basal  lobe.  But  a  portion  of  the  dorsal  olfactory  nucleus 
and  the  whole  of  the  lateral  nucleus  move  to  the  extreme  ventro- 
lateral margin,  carrying  the  taenia  with  them,  thus  forming  at  the 
rostral  end  of  the  basal  lobe  the  tuberculum  laterale,  and  at  the 
caudal  end  the  nucleus  pyriformis. 

The  tuberculum  anterius,  tuberculum  laterale,  and  nucleus 
dorsalis  are  parts  of  the  undifferentiated  secondary  olfactory 
nucleus.  The  precommissural  body  and  pyriform  nucleus  are  ^ 
more  highly  differentiated  parts  of  the  secondary  olfactory  nu- 
cleus which  have,  developed  under  the  influence  of  ascending  fibers 
of  the  medial  and  lateral  forebrain  tracts  respectively.  The 
palaeostriatum  has  become  an  efferent  correlation  center  rela- 
tively free  from  direct  olfactory  connections.  It  is  interesting 
to  note  that  the  termination  of  the  lateral  hypothalamic  tract 
caudally  in  the  teleosts  has  brought  about  the  development  of  the 
nucleus  pyriformis  at  that  point,  while  in  the  selachians  the  more 
rostral  ending  of  this  connection  (tractus  pallii)  has  induced  the 
formation  of  the  nucleus  olfactorius  lateralis  and  primordium 
hippocampi  in  a  correspondingly  different  position. 

The  selachians  exhibit  a  considerably  more  highly  differentiated 
condition  of  all  of  the  forebrain  centers  than  is  found  in  the  tele- 
osts (cf.  Johnston,  '11).  The  selachian  ascending  tract  from  the 
hypothalamus  to  the  primordium  hippocampi  (tractus  pallii), 
in  teleosts  is  probably  represented  in  the  tractus  hypothalamo- 
olfactorius  lateralis,  a  condition  which  resembles  that  of  amphi-  • 
bians  (Herrick,  '10,  p.  444). 

The  nucleus  olfactorius  dorsalis  or  primordium  hippocampi 
receives  some  fibers  from  the  tractus  olfactorius  medialis,  and  this 
connection  is  probably  the  reason  why  this  portion  of  the  undiffer- 
entiated secondary  olfactory  nucleus  retains  its  dorso-medial 


246 


RALPH  EDWARD  SHELDON 


position  during  the  lateral  eversion  of  the  remainder  of  this 
nucleus.  The  adult  configuration  is  such  as  to  suggest  that  the 
nucleus  dorsalis  is  homologous  with  the  amphibian  primordium 
hippocampi  and  the  sulcus  limitans  telencephali  with  the  fissura 
hmitans  hippocampi  of  Herrick  (fissura  arcuata  of  Gaupp). 
The  latter  homology  is  however,  manifestly  incomplete,  for  the 
fissura  limitans  hippocampi  is  a  total  fissure  involving  the  whole 
wall  of  an  evaginated  hemisphere,  while  the  teleostean  sulcus 
limitans  is  an  ependymal  groove  within  the  ventricle  of  the  telen- 
cephalon medium.  The  two  sulci  in  question  separate  homol- 
ogous parts  of  the  brain  and  are  as  nearly  homologous  as  the 
topographic  relations  of  these  two  types  of  telencephalon  permit. 

Some  justification  may  be  found  for  the  homology  of  the 
nucleus  olfactorius  dorsalis  with  the  primordium  hippocampi  of 
Amphibia,  although  the  apparent  resemblance  in  position  is  an 
argument  rather  against  it  than  for  it.  It  must  not  be  for- 
gotten that  the  nucleus  dorsalis  occupies  a  dorso-median  position 
below  the  telencephalic  ventricle,  not  above  it,  as  in  Amphibia. 
In  the  process  of  eversion,  to  which  reference  was  made  above,  the 
whole  of  the  dorsal  nucleus  might  be  expected  to  follow  the  taenia 
in  its  lateral  movement.  The  fact  that  a  part  of  this  nucleus 
retains  its  position  at  the  dorso-medial  border  of  the  basal  lobe 
has  been  already  explained  as  due  to  its  connection  with  the  trac- 
tus  olfactorius  dorso-mediahs.  This  is  a  primary  connection  of 
the  primordium  hippocampi;  cf.  fig.  125  with  C.  J.  Herrick  ('10  b), 
figs.  72,  73,  83  and  84,  the  nucleus  olfactorius  dorsalis  or  primor- 
dium hippocampi  of  the  teleost  being  the  functional  equivalent 
of  Herrick's  dorso-medial  ridge  in  spite  of  its  position  far  removed 
from  the  taenia.  Nevertheless,  the  nucleus  dorsalis  shows  few 
other  resemblances  with  the  primordium  hippocampi.  •  It  has 
not  been  shown  to  receive  large  numbers  of  olf actorj^  fibers  of  the 
thud  or  higher  orders;  it  sends  very  few  fibers  to  the  anterior 
commissure  complex  to  form  a  commissura  hippocampi  and  no 
clearly  defined  columna  fornicis  fibers  appear  to  arise  from  it, 
though  possibly  the  medial  forebrain  bundle  may  contain  fibers 
of  this  type. 
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It  is  concluded,  therefore,  that  the  materials  found  in  the  am- 
phibian primordium  hippocampi  are  not  completely  separated  in 
the  teleosts  from  the  other  elements  of  the  secondary  olfactory 
nucleus,  being  represented  chiefly  in  the  nucleus  olfactorius  dor- 
salis  or  primordium  hippocampi  and  to  a  less  degree  perhaps  in 
the  nucleus  olfactorius  lateralis  and  nucleus  pyriformis. 

The  term  'epistriatum'  has  not  been  used  in  this  article  in  the 
description  of  the  telencephalic  nuclei,  owing  to  the  fact  that  it 
has  been  applied  by  different  authors,  with  resulting  confusion, 
to  morphologically  different  structures.  It  was  originally  used 
by  Edinger  ('96),  to  designate  a  structure  found  dorsal  to  the  stria- 
tum in  the  lateral  wall  of  the  reptilian  forebrain.  Its  connections 
here  show  clearly  that  it  is  morphologically  a  lateral  structure, 
corresponding  to  the  nucleus  sphaericus  of  students  of  reptiles. 
The  epistriatum  of  birds,  as  described  by  Edinger,  is  likewise  a 
lateral  structure.  Turning  to  the  so-called  epistriatum  of  the 
anamniotes,  a  different  condition  is  immediately  noted.  Edinger 
('06a)  and  Kappers  ('06)  describes  as  epistriatum  in  teleosts  a 
medial  area  reached  by  the  tractus  olfactorius  medialis  which 
seems  to 'include  a  part  of  our  precommissural  body,  but  in  their 
later  works  this  name  is  applied  to  our  nucleus  olfactorius  dor- 
salis.  Catois  uses  the  term  for  the  dorsal  portion  of  the 
paleostriatum.  Johnston  ('06)  places  the  epistriatum  of  teleosts 
on  both  the  medial  and  lateral  parts  of  each  basal  lobe,  although 
these  two  areas  belong  to  morphologically  different  structures.  It 
is  difficult  to  see  how  the  term  can  continue  in  use  without  con- 
stantly increasing  confusion.  Even  if  all  workers  had  clearly  in 
mind  the  morphological  characteristics  of  the  different  varieties 
of  epistriatum,  it  would  seem  unwise  to  use  the  same  name,  even 
with  a  modifying  adjective,  as  does  Kappers  in  his  later  work, 
for  such  morphologically  different  structures. 

From  the  preceding  discussion  it  is  clear  that  the  localization  of 
function  in  the  telencephalon  of  teleosts  has  not  advanced  so  far 
as  in  Amphibia  and  Dipnoi  with  more  fully  evaginated  hemi- 
spheres. This  is  probably  the  explanation  of  the  fact  that  the 
diencephalic  regions  are  also  far  less  clearly  analyzed  than  in  Am- 
phibia, and  that  nearly  all  parts  of  the  basal  lobes  seem  to  be 
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connected  with  both  hypothalamic  and  thalamic  centers.  But 
the  discussion  of  these  relations  can  be  taken  up  more  profitably 
after  the  connections  of  the  diencephalic  nuclei  are  more  fully 
analyzed  and  particularly,  after  their  embryological  development 
has  been  studied. 

Some  comment  should  be  made  on  the  bearing  which  the  data 
given  in  this  article  make  with  respect  to  the  morphology  of  the 
forebrain  tela.  It  is  clear  from  the  facts  presented  that  the  fore- 
brain  of  the  teleostean  fishes  contains  primordial  pallium  and 
also  the  primordium  of  all  important  morphological  structures 
found  in  the  forebrain  of  higher  vertebrates.  The  pallium  of 
Rabl-Riickhard,  then,  is  not  the  morphological  equivalent  of  any 
portion  of  the  wall  of  the  forebrain  of  higher  vertebrates  but  is 
simply  a  tela,  derived  from  the  Deckplatte  of  His.  In  fact  there 
is  no  evidence  anjrwhere  in  the  phylogeny  of  the  vertebrate  brain 
that  the  Deckplatte  gives  rise  to  a  nervous  structure.  The  evi- 
dence which  has  been  offered,  then,  gives  additional  support  to 
the  views  of  Studnicka,  already  accepted  by  Kappers,  Johnston, 
Edinger  and  Herrick. 
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The  School  of  Medicine, 
University  of  Pittsburgh. 
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EXPLANATION  OF  FIGURES ' 


All  drawings  are  made  from  the  brain  of  the  carp,  Cyprinus  carpio  L.  The 
individual  specimens  from  which  these  are  made  range  from  15  to  30  cm.  in  length 
for  the  Golgi  preparations;  25  to  40  cm.  for  those  prepared  with  toluidin  blue  and 
the  method  of  Ram6n  y  Cajal,  and  35  to  60  cm.  for  the  Weigert  preparations. 
Figs.  1  to  4  were  drawn  with  the  use  of  a  dissecting  microscope ;  for  all  others  there 
were  used  a  camera  lucida'and  Zeiss  microscope  with  the  following  objective  and 
ocular  combinations:  compensating  ocular  4*,  objective  A*;  compensating  ocular 
8,  objective  A*;  ocular  2,  objective  AA;  ocular  4,  objective  AA;  ocular  6,  objec- 
tive AA;  compensating  ocular  6,  objective  AA;  compensating  ocular  4,  apochro- 
matic  objective  16  mm.;  compensating  ocular  4*,  apochromatic  objective  8  mm.; 
compensating  ocular  18,  apochromatic  objective  4  mm. 

On  all  figures  from  longitudinal  sections  an  arrow  ( — >)  is  placed  always  pointing 

rostrad.    Where  a  double  pointed  arrow  (<  >)  appears  after  the  name  of  a  tract 

it  signifies  that  the  tract  in  question  contains  both  ascending  and  descending  fibers ; 
the  name  used  on  the  figures  is,  however,  always  that  of  the  descending  tract. 
All  figures  from  the  Weigert  or  toluidin  blue  method  are  from  transections;  in 
the  case  of  the  latter  every  cell  appearing  in  the  section  is  drawn  in  with  a  camera 
lucida  in  order  to  obtain  the  proper  grouping. 

The  eight  diagrams,  figs.  125,  and  136  to  142,  consist  in  each  case  of  a  basal  dia- 
gram, the  same  in  figs.  125  and  141,  and  in  figs.  136  to  140,  142;  to  which  is  added  in 
one  or  more  different  colors,  the  fiber  connections.  The  two  different  basal  dia- 
grams are  made  from  series  of  adjacent  sections  by  the  Weigert  method,  sagittal 
in  the  case  of  figs.  125  and  141,  frontal  in  figs.  136  to  140,  142.  These  are  drawn 
with  the  aid  of  a  camera  lucida,  a  Zeiss  comp.  oc.  4*,  and  objective  A*,  and  are 
superimposed  in  such  a  way  as  to  bring  as  many  as  possible  of  the  structures  to  be 
considered  into  one  figure.  The  relations  are  not,  of  course,  accurate  for  any  one 
given  plane.  The  fiber  tracts  are  represented  by  simple  lines  showing  the  course 
of  each  traci;  and  its  connections.  The  tracts  so  represented,  are  not,  of  course, 
equal  in  respect  to  number  of  fibers;  some,  such  as  the  lateral  forebrain  bundle, 
are  composed  of  an  enormous  number,  while  others,  such  as  the  tr.  preoptico- 
habenularis,  pars  posterior,  contain  only  a  few. 
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PLATE  1 


EXPLANATION  OF  FIGURE 

1    Dorsal  aspect  of  the  brain  of  the  carp.    X  2. 

a,  dorsal-lateral  protuberance  on  the  surface  of  the  olfactorj'  bulb  caused  by  the 
entering  fibers  of  the  olfactory  nerve;  6  aZ6.  olf.,  bulbus  olfactorius;  cbl.,  cerebellum; 
cms  olf.,  crus  olfactorium ;  ganc^.  bas.,  ganglion  basale  of  the  cerebral  hemispheres; 
lob.fac,  lobus  facialis  or  tuberculumimpar;Zo6.  vag.,  lobus  vagi;  mesotela,  mem- 
branous roof  of  the  mesencephalon;  rhinotela,  membranous  roof  of  the  cavity  of 
the  olfactory  crus,  the  rhinocele;  sac.  dors.,  saccus  dorsalis,  enclosing  the  corpus 
pineale;  sp.  cord,  spinal  cord;  tela.,  membranous  roof  of  the  fourth  ventricle; 
tectum,  tectum  mesencephali;  torus  long.,  torus  longitudinalis;  valvula,  valvula 
cerebelli,  showing  through  the  membranous  mesotela. 
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EXPLANATION  OF  FIGURES 

2  Dorsal  aspect  of  the  rostral  end  of  the  brain.  X  4.  The  optic  lobes  £,re 
removed  and  the  tela  of  the  cerebral  hemispheres,  the  so-called  pallium,  is  torn 
from  the  dorsal  surface,  exposing  the  basal  ganglia. 

3  Left  lateral  aspect  of  the  rostral  end  of  the  brain.  X  4.  Optic  lobes  and 
tela  as  in  fig.  2. 

crusolf.,  crus  olfactorium;  hyp.,  pars  gl.,  hypophysis,  pars  glandularis;  hyp., 
pars,  nerv.,  hypophysis,  pars  nervosa;  lob.  inf.,  lobus  inferior  or  hypoarium ;  A  . 
///,  nervus  oculomotorius ;  n.  opt.,  nervus  opticus;  n.  cbl.,  protuberance  caused  by 
the  development  of  the  nucleus  cerebellaris  hypothalami  of  Goldstein;  n.  preroi. 
+  n.  rot.,  protuberance  caused  by  the  development  of  the  nucleus  prerotundus 
and  nucleus  rotundus  centrally;  s.  ypsil.,  sulcus  ypsiliformis  of  Goldstein, 
the  rostral  prolongation  of  which  corresponds  morphologic  all  to  the  fovea 
endorhinalis  interna  of  Kappers  and  Theunissen  ('08) ;  tela,  this  indicates  the  torn 
edge  of  the  tela  or  pallium  which  covers  the  basal  ganglia,  extending  rostrally 
over  the  olfactory  tracts  to  the  olfactorj'  bulbs,  and  caudally  between  the  two 
halves  of  the  tectum,  over  the  valvula;  tr.  olf.  lot.,  traetus  olfactorius  lateralis,  the 
radix  olfactoria  lateralis  of  Kappers;  tr.  olf.  med.,  traetus  olfactorius  medialis, 
inc'uding  also  the  traetus  olfactorius  ascendens  and  nervus  terminalis;  the  cor- 
responding tracts,  according  to  Kappers  are,  traetus  olfacto-lobaris  medialis  and 
radix  olfactoria  medialis  propria;  he  failed  to  note  the  nervus  terminalis;  tub.  ant., 
tuberculum  anterius;  due  chiefly,  to  the  presence  underneath,  of  the  rostral  end  of 
the  nucleus  olfactorius  lateralis  ;  tub.  dors.,  tuberculum  dorsale,  enlargement  due 
to  the  development  of  the  nucleus  olfactorius  dorsalis; Zai.,  tuberculum  lat- 
erale,  caused  by  the  development  of  the  nucleus  olfactorius  lateralis;  tub.  post., 
tuberculum  posterius,  due  to  the  development  of  the  nucleus  pyriformis. 


258 


OLFACTORY  CENTERS  IN  TELEOSTS 

RALPH   EDWAHD  SHELDON 


PLATE  2 


_cru5.  olf. 
opt. 
hyp.,  pa>r5.  ^1. 
tub .  &nt . 
hyp.  pa>-rs  nerv. 
tub,  dors, 
l-ab.  ld.t. 


^^gjtub.  posL 
.tube-!:: 


_n.  prerot.  4- 
T^.  rot. 

_n,  cbl. 

..-lob.  mf 


K.^TH-^EINE  HILL.  DEL. 


259 


PLATE  3 


EXPLANATION  OF  FIGURES 

4  Ventral  aspect  of  the  rostral  end  of  the  brain.    X  4. 

5  Transection  through  the  median  ridge  of  the  olfactory  mucosa  to  show  its 
innervation  by  trigeminal  nerve  fibers.  Weigert  method.  X  64.  In  adjacent 
sections  the  meduUated  fibers  may  be  seen  reaching  the  inembrana  propria.  Note 
that  the  epithelium  of  the  median  ridge  differs  from  that  of  the  remainder  of  the 
Schneiderian  membrane,  particularly  in  the  large  number  of  goblet  cells  present. 
This  is  also  a  characteristic  of  the  respiratory  epithelium  of  mammals  as  distin- 
guished from  the  olfactory  epithelium,  which  lacks  almost  entireh-  the  mucus 
secreting  cells. 

chias.,  optic  ehiasma;  c.  mam.,  corpus  mammillare  of  Goldstein;  fih.  trig., 
fibrae  trigemini;/.  end.,  fissura  endorhinalis,  the  sulcus  rhinalis  of  Kappers  ('06), 
the  fovea  endorhinalis  externa  of  Kappers  and  Theunissen  ('OS),  the  fovea 
limbica  of  Goldstein,  the  fissura  ectorhinalis  of  Owen;  go.  cells.,  goblet  cells; 
hyp.,  pars  gl.,  hypophysis,  pars  glandularis;  hyp.,  pars  nerv.,  hypophysis,  pars 
nervosa;  lam.,  lamella;  lob.  inf.,  lobus  inferior;  loh.  lal.,  lobus  lateralis  hypo- 
thalami; loh.  med.,  lobus  medius  hypothalami,  of  which  the  rostral  part  is  the 
tuber  or  tuber  cinereum  and  the  caudal  the  pars  infundibularis;  memh.  olf.,  mem- 
brana  olfactoria,  or  olfactory  portion  of  the  Schneiderian  membrane;  me mb.  resp., 
membrana  respiratoria,  the  respiratory  part  of  the  Schneiderian  membrane; 
m.  opt.,  nervus  opticus;  sac.  vase,  saccus  vasculosus;  s.  mam.,  sulcus  mammillaris 
of  Goldstein,  separating  the  region  of  the  corpus  mammillare  from  the  remainder 
of  the  lobus  lateralis;  tub.  post.,  tuberculum  posterius. 
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EXPLANATION  OF  FIGURES 

6  Transec-lion  through  the  middle  of  the  right  olfactory  liulb.  Weigert  incthud. 
X  31.  Most  of  the  stippled  periphery  is  filled  with  the  unmeduUated  fibers  of  the 
olfactory  nerve  which  are  ending  in  glomeruli  in  this  i-egion.  An  especially  prom- 
inent mass  of  such  fibers  appears  dorso-laterally.  forming  the  protuberance  'a,' 
as  shown  in  fig.  1. 

7  Ganglion  cell  of  the  nervus  terminalis.  Golgi  method.  X  9.3.  See  fig.  124 
for  the  position  of  this  cell. 

8  to  12  Mitral  cells  of  the  olfactory  bulb.  Golgi  method.  X  9.3.  In  the  cells 
from  transverse  sections  an  arrow  points  toward  the  center  of  the  bulb ;  in  sagittal 
or  horizontal  sections  the  arrow  points  diametricallj'  away  from  the  olfactory 
crus  and  toward  the  center  of  the  bulb.  Figs.  8  and  9  are  from  transverse  sections, 
figs.  10  and  12  from  longitudinal  section  of  the  bulb. 

13  Fusiform  cell  from  nucleus  olfactorius  anterior.  Longitudinal  section. 
Golgi  method.  X  93.  Arrow  as  in  figs.  8  to  12.  This  neurone  extends  diagon- 
ally across  the.  bulb,  one  end  entering  a  glomerulus. 

14  Stellate  cell  from  nucleus  olfactorius  anterior.  Transverse  section.  Golgi 
method.  X  93.  Arrow  as  in  figs.  8  to  12.  Large  numbers  of  these  cells  are  found, 
most  of  which  are  connected  with  glomeruli;  some  of  these  glomeruli  contain  mitral 
cell  dendrites,  while  many  are  small  and  are,  apparently, formed  only  by  stellate 
cell  and  olfactory  nerve  processes. 

15  to  17  Neurones  from  the  nucleus  olfactorius  anterior.  Golgi  method. 
X  93.    Arrow  placed  as  in  figs.  8  to  12. 

15  Stellate  cell,  connecting  with  a  mitral  cell  glomerulus.  Fj-om  longitudinal 
section. 

16  Stellate  cell  from  longitudinal  section.  Shows  one  dendrite  in  connection 
with  a  glomerulus,  while  the  neurite  extends  toward  the  center  of  the  bulb. 

17  Fusiform  cell  from  longitudinal  section. 

dend.,  dendrite;  n.  term.,  nervus  terminalis;  neur.,  neurite;  olf.  nerve,  olfactory 
nerve,  fibers  of  which  are  scattered  about  the  periphery  at  the  points  noted;  ir. 
olf.  lat.,  pars  intermed.,  tractus  olfactorius  lateralis,  pars  intermedia;  olf.  lat.. 
pars,  med.,  tractus  olfactorius  lateralis,  parsmedialis;/)-.  olf.  med.,  par  slat.,  tractus 
olfactorius  medialis,  pars  lateralis;  tr.  olf.  med.,  pars,  med.,  tractus  olfactorius 
medialis,  pars  medialis. 
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18  to  20  Neurones  from  the  nucleus  olfactorius  anterior.  Golgi  method. 
X  93.    Arrow  placed  as  in  figs.  8  to  12. 

18  Goblet  shaped  cell  from  longitudinal  section. 

19  Fusiform  granule  cell  from  longitudinal  section. 

20  Stellate  granule  cell  from  longitudinal  section. 

21  Fusiform  cell  from  sagittal  section  of  the  olfactory  bulb,  showing  neurite 
entering  the  crus.    Golgi  method.    X  9.3. 

22  Transection  through  the  middle  of  the  right  olfartory  crus.  Weigert 
method.  X  33.  This  section  was  drawn  to  show,  partii  ularl> ,  the  nervus  term- 
inalis;  the  remaining  fiber  pathway's  do  not  come  out  so  clearly  as  in  other  series, 

23  Transection  through  the  caudal  part  of  the  right  olfactory  crus,  immediately 
rostral  to  the  cerebral  hemispheres.    Weigert  method.    X  33. 

24  Transection  through  the  rostral  portion  of  the  cerebral  hemispheres.  Wei- 
gert method.  X  17.  This  section  shows  the  relation  to  the  hemispheres,  of  the 
tracts  of  the  crura. 

bulb,  olf.,  bulbus  olfactorius;  cms  olf.,  crus  olfactorium;  /.  endurh.,  fissura 
endorhinalis ;  ti.  term.,  nervus  terminalis;  neur.,  neurite;  tr.  olf.  a.sc,  tractus 
olfactorius  ascendens,  the  radix  olfactoria  medialis  propria  of  Kappers;  tr.  olf. 
asc  ,  par.s  lat.,  tractus  olfactorius  ascendens,  pars  lateralis;  tr.  olf.  asc,  pars, 
med.,  tractus  olfactorius  ascendens,  pars  medialis;  tr.  olf.  lat.,  pars  intermed., 
tractus  olfactorius  lateralis,  pars  intermedia;  tr.  olf.  lat.,  pars  lat.,  tractus 
olfactorius  lateralis,  pars  lateralis;  tr.  olf.  lat.,  pars,  med.,  tractus  olfactorius 
lateralis,  pars  medialis;  tr.  olf.  med.,  pars  lat.,  tractus  olfactorius  medialis. 
pars  lateralis;  tr.  olf.  med.,  pars  med.,  tractus  olfactorius  medialis,  pars  medialis. 
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25  Transection  through  the  rostral  portion  of  the  left  cerebral  hemisphere, 
slightly  caudal  to  fig.  24.    Toluidin  blue  method.    X  46. 

26  Cells  of  the  nucleus  medianus.  Toluidin  blue  method.  X  57.5.  From 
transection.  This  nucleus  is  characteri-/;ed  by  the  arrangement  of  the  cells  in 
small,  closely  packed  groups  as  shown  in  the  figure.    Compare  fig.  25. 

27  Oblique  longitudinal  section  through  the  hemispheres  showing  the  origin 
of  the  centrifugal  fibers  of  the  tractus  olfactorius  ascendens.  Golgi  method. 
X  9.  The  section  is  much  nearer  the  frontal  than  the  sagittal  plane,  as  is  shown 
by  the  inclusion  of  both  olfactory  crura,  a  portion  of  both  optic  nerves  and  much 
of  the  anterior  commissure. 

com.  ant.,  commissura  anterior;  corp.  precom.,  n.  nied.,  corpus  precommis- 
surale.  nucleus  medianus,  this  latter  is  the  rostral  end  of  the  group  of  cells  called 
'lobus  olfactorius  posterior,  pars  medialis'  bj'  Goldstein;  'areaolfactoriaposterior 
medialis'  and  'epistriatum'  by  Kappers  ('06);  'area  praecommissuralis  septi' 
by  Kappers  and  Theunissen  ('08);  'ganglion  mediale  septi'  by  Gaupp  ('99)  and 
' paraterminal  body'  by  Elliot  Smith  ('03);  crura  olf.,  crura  olfactoria;/.  endorh., 
fissura  endorhinalis;  hyp.,  hypophj'sis;  n.  opt.,  nervus  opticus;  «!<c?.  olf.  dors., 
nucleus  olfactorius  dorsalis;  nucl.  olf.  lat.,  nucleus  olfactorius  lateralis;  palaeostr., 
palaeostriatum;  s.  lim.  tel.,  sulcus  limitans  telencephali;  s.  ypsil.,fur.  ant.,  sulcus 
ypsiliformis,  furca  anterior,  the  fovea  endorhinalis  interna  of  Kappers;  tr.  olf. 
asc,  tractus  olfactorius  ascendens;  tr.  olf.  med..  tractus  olfactorius  medialis. 
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28-30  Cells  of  origin  of  the  fibers  of  the  tractus  olfactorius  ascendena.  Golgi 
method.  X  93.  These  cells  lie  in  the  rostral  portion  of  the  precommissural  body, 
in  the  nucleus  medianus  (see  fig.  27).  They  are  taken  from  a  sagittal  series  and 
show  the  branching  of  the  dendi'ites  among  the  cells  of  the  nucleus.  The  neurites 
terminate  in  the  nucleus  olfactorius  anterior  of  the  olfactory  bulb. 

31  Association  cell  of  the  nucleus  medianus.  fiolgi  method.  X  93.  From 
sagittal  section. 

32-33  Cells  of  the  rostral  part  of  the  nucleus  olfactorius  lateralis.  Golgi 
method.  X  93.  The  neurite  of  fig.  32  enters  the  tractus  strio-thalamicus.  while 
that  of  fig.  33  apparently  ends  in  the  ventro-lateral  portion  of  the  hemisphere. 
The  cells  are  taken  from  a  sagittal  series  and  occupy  a  position  about  midway 
between  the  dorsal  and  ventral  surfaces  of  the  hemisphere. 

34  Transection  through  the  cerebral  hemispheres  immediately  rostral  to  the 
anterior  commissure.  Weigert  method.  X  17.  The  nervus  terminalis  is,  at  this 
level,  separated  from  the  tractus  olfactorius  medialis,  preparatory  to  its  decussa- 
tion; the  two  components  of  the  tractus  olfactorius  medialis  likewise  appear  dis- 
tinctly. 

co.n.  interbulb.,  commissura  interbulbaris;  /.  end.,  fissura  endorhinalis ;  7i. 
term.,  nervus  terminalis;  .s.  ypsil.,  ant.  limb,  sulcus  ypsiliformis,  anterior  limb; 
tr.  olf.  lat.,  tractus  olfactorius  lateralis  spreading  in  the  form  of  a  crescent  to  end 
in  the  nucleus  olfactorius  lateralis,  tr.  olf.  med.,  pars  lat.,  tractus  olfactorius  med- 
ialis, pars  lateralis;  tr.  olf.  med.,  pars  med.,  tractus  olfactorius  medialis,  pars  med- 
ialis; tr.  strio-thal.,  tractus  strio-thalamicus;  bundles  appearing  here  are  made  up, 
mainly,  of  fibers  which  do  not  decussate. 


268 


OLFACTORY  CENTERS  IN  TELEOSTS 

RALPH  EDWARD  SHELDON 


PLATE  7 


PLATE  8 


EXPLANATION  OF  FIGURES 

35  Transection  through  the  hemispheres  at  the  rostral  margin  of  tlie  anterior 
commissure.  Weigert  method.  X  17.  This  .section  shows  particulaily  the  de- 
cussation of  the  nervus  terminalis  (see  also  Sheldon  '09,  figs.  6  and  7);  also  the 
commissura  dorsalis,  partly  made  up  of  fibers  connecting  the  two  partes  supra- 
commissuralcs  of  the  precommissural  body,  partly  of  fibers  connecting  the  two 
nuclei  olfactorii  dorsales  (commissura  hippocampi,  pars  anterior).  The  relaticn 
of  the  corpus  prccommissurale  to  the  anterior  commissure  is  brought  out  cleaily, 
the  pars  commissuralis  or  commissure  bed  of  Elliot  Smith  appearing  ventr;.lly 
and  the  pars  supracommissuralis  dorsally. 

36  Transection  through  the  middle  of  the  anterior  commissure.  Weigert 
method.  X  17.  Shows  especially  the  decussation  of  the  tractus  strio-thalamicr.s 
cruciatus  and  of  the  tractus  olfactorius  medialis,  pars  lateralis;  also  the  commis- 
sura hippocampi,  pars  posterior,  presenting  points  of  similarity,  morphologically, 
with  the  commissura  dorsalis  of  Elliot  Smith  in  amphibians,  reptiles  and  mammal.^, 
the  commissura  pallii  of  Kappers  and  Theunissen  in  amphibians,  the  commissura 
pallii  posterior  of  Edinger  in  reptiles,  the  commissura  olfactorii  internuclearis  of 
Goldstein,  and  connecting  the  nuclei  pyriformes  of  the  two  sides.  This  section 
also  brings  out  several  of  the  components  of  the  medial  forebrain  bundle,  the  trac- 
tus olfacto-lobaris  medialis  of  Kappers  ('06).  Dorsally,  mingled  with  the  fibers 
of  the  commissura  dorsalis  are  the  fibers  of  the  tractus  hypothalamo-olfactorius 
medialis.  These  are  ascending  fibers,  part  of  which  decussate  in  the  anterior 
commissure  and  part  in  the  region  of  the  nucleus  posterior  tuberis  (see  figs.  102. 
104,  105).    This  is  the  tractus  olfacto-hypothalamicus  medialis  of  Goldstein. 

coin,  anl.,  commissura  anterior;  corn.  dor.s.,  commissura  dorsalis;  com.  do7-s.-\- 
dec.  Ir.  hyp.  olf.  tned.,  commissura  dorsalis  plus  decussatio  tractorum  hypo- 
thalamo-olfactoriorum  medialium;  corn,  hijyp.,  pars  post.,  commissura  hippocampi, 
pars  posterior;  com.  interbulb.  {Ir.  olf.  vied.,  pars,  rned.),  commissura  interbulbaris 
(tractus  olfactorius  medialis,  pars  medialis,  the  fibers  of  the  tract  forming  the  com- 
missura interbulbaris  (aut) ;  corp.  precoin.,  pars  com.,  corpus  prccommissurale.  pars 
supracommissuralis;  dec.  tr.  olf.  med.,  pars  hit.,  decussation  of  the  tractus  olfac- 
torii mediales,  partes  laterales;  dec.  tr.  slrio-thal.  cruc,  decussation  of  the  tractus 
strio-thalamici  cruciati;  n.  olf.  lat.,  nucleus  olfactorius  lateralis;  n.  opt.,  nervus 
opticus;  w.  pj/r.,  nucleus  pyriformis — this,  together  with  a  part  of  the  nucleus  olfac- 
torius lateralis,  corresponds  to  the  lobus  olfactorius  posterior  or  area  olfactoria 
posterior  lateralis  of  Kappers  ('06),  the  lobus  olfactorius  posterior,  pars  lateralis 
of  Goldstein,  the  lobus  olfactorius  of  Edinger  ('08),  the  area  olfactoria  lateralis 
of  Kappers  and  Theunissen;  ti.  term.,  nervus  terminalis;  palaeostr.,  palaeostria- 
tum ;  s.  lini.  tel.,  sulcus  limitans  telencephali;  s.  yp.nl.,  f  ur.  ant.,  sulcus  ypsiliformis, 
furca  anterior;  tr.  hyp.  olf.  rned.,  tractus  hypothalamo-olfactorius  medialis;  tr. 
olf.  lat.,  tractus  olfactorius  lateralis;  tr.  olf.  tried.,  pars,  lat.,  tractus  olfactorius 
medialis,  pars  lateralis;  tr.  olf.  thai,  med.,  pars  vent.,  tractus  olfacto-thalamicus 
medialis,  pars  ventralis — this  latter  component  of  the  medial  forebrain  bundle  is 
descending  and  made  up  of  uncrossed  fibers  (see  fig.  136),  which,  with  the  pars 
intermedia,  and  pars  dorsalis,  form  the  tractus  olfacto-lobaris  medialis  or  tractus 
olfacto-hypothalamicus  medialis  of  Kappers;  ir.  strio-lhal.,  tractus  strio-thal- 
amicus. 
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EXPLANATION  OF  FIGURES 

37  Transection  through  the  anterior  commissure.    Ram6n  y  Cajal  method. 
X  46.    Shows  particularly  the  decussation  of  the  tractus  strio-thalamicus  crucia- 
tus. 

38  Transection  through  the  anterior  commissure.  Toluidin  blue  method. 
X  46.  Shows  with  great  clearness  the  limits  of  the  pars  supracommissuralis  of 
the  corpus  precommissurale,  the  sulcus  limitans  telencephali,  the  nucleus  olfac- 
torius  dorsalis  and  the  bed  of  the  anterior  commissure,  the  pars  commissuralis  of 
the  precommissural  body. 

corp.  precom.,  pars  com.,  corpus  precommissurale,  pars  commissuralis;  corp. 
precom.,  pars  supracom.,  corpus  precommissurale,  pars  supracommissuralis;  dec. 
tr.  hyv.  olf.  med.  +  com.  hipp.,  pars  post.,  decussatio  tractus  hypothalamo-olfac- 
torii  medialis  plus  commissura  hippocampi,  pars  posterior;  dec.  tr.  strio-thal. 
crwc,  decussatio  tractus  strio-thalamici  cruciati;  necl.  com.  lat.,  nucleus  com- 
missuralis lateralis;  nucl.  olf.  dors.,  nucleus  olfactorius  dorsalis;  nucl.  olf.  lat., 
nucleus  olfactorius  lateralis;  nucl.  pyr.,  nucleus  pyriformis ;  n(;cZ.  teniae,  nucleus 
teniae,  the  nucleus  taeniae  of  Edinger,  Kappers  and  Goldstein;  palaeostr.,  pal- 
aeostriatum;  rec.  preopt.,  recessus  preopticus;  s.  iim.  tel.,  sulcus  limitans  tel- 
encephali; tr.  hyp.  olf.  med.,  tractus  hypothalamo-olfactorius  medialis;  tr.  olf. 
med.,  pars,  lat.,  tractus  olfactorius  medialis,  pars  lateralis;  tr.  olf.  med.,  pars 
lat.  +  com.  hipp.,  pars  post.,  tractus  olfactorius  medialis,  pars  lateralis  plus  com- 
missura hippocampi,  pars  posterior;  tr.  olf.  that,  med.,  pars,  vent.,  tractus  olfacto- 
thalamicus  medialis,  pars  ventralis;  tr.  med.  preopt.,  pars,  ant.,  tractus  mediano- 
preopticus,  pars  anterior;  tr.  strio-thal.,  tractus  strio-thalamicus;  tr.  strio-thal. 
incruc,  tractus  strio-thalamicus  incruciatus. 
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EXPLAXATIOX  OF  P'lGURES 

39  Sagittal  section  through  tlic  licmisphere.  Golgi  method.  X  9.  Shows 
cells  of  the  corpus  precommissurale  sending  axones,  the  fibrae  precommissurales 
striaticae,  into  the  palaeostriatum.  Both  ascending  and  descending  fibers  of  the 
tractus  strio-thalamicus  are  shown;  note  especially  the  dichotomous  branching 
of  the  ascending  neurites  to  form  tangential  fibers. 

40  Cell  of  origin  of  the  tractus  olfacto-thalamicus  medialis  from  the  nucleus 
medianus.    Golgi  method.    X  94.    From  sagittal  section. 

41-42  Association  cells  of  the  nucleus  medianus.  Golgi  method.  X  93.  From 
sagittal  section. 

43  One  of  the  neurones  of  the  nucleus  medianus,  the  neurite  of  which  forms  one 
of  the  fibrae  precommissurales  striaticae.  Golgi  method.  X  93.  (See  fig.  39.) 
From  sagittal  section. 

44  Cells  of  the  palaeostriatum.  Toluidin  blue  method.  X  57.5.  Fi-om  trans- 
verse section. 

45  Neurone  from  cerebral  hemisphere.  Golgi  method.  X  93.  From  sagittal 
section,  neurite  directed  caudad,  into  tractus  strio-thalamicus.  This  neurone  can 
hardly  be  assigned  to  a  definite  region,  as  it  lies  about  midway  between  the  typical 
cells  of  the  palaeostriatum  and  those  of  the  area  olfactoria  lateralis.  It  will  be 
noted  that  its  perikaryon  is  larger  than  that  of  tj'pical  cells  of  the  area  olfactoria 
lateralis  but  that  its  dendrites  do  not  show  the  conspicuous  thorns  of  the  typical 
palaeostriatal  neurones. 

46  Cells  of  the  dorsal  portion  of  the  corpus  precommissurale,  pars  supracom- 
missuralis.    Toluidin  blue  method.    From  transection.    X  575. 

47  Cells  of  the  nucleus  pyriformis.  Toluidin  blue  method.  From  transection. 
X  575. 

48  Neurone  from  the  nucleus  olfactorius  lateralis.  Golgi  method.  X  93. 
From  sagittal  section.  This  cell  is  found  in  the  dorsal  portion  of  the  hemisphere, 
adjacent  to  the  nucleus  olfactorius  dorsalis,  but  in  the  region  called epistriatum  bj' 
Johnston;  its  neurite  enters  the  tractus  strio-thalamicus. 

49  Neurone  from  the  nucleus  olfactorius  lateralis.  Golgi  method.  X  93. 
From  sagittal  section.  This  is  found  in  the  rostro-lateral  portion  of  the  hemi- 
sphere; it  comes  into  association  with  the  ascending  fibers  of  the  tractus  thalamo- 
striaticus  as  shown  also  in  figs.  50  and  51. 

fib.  precotn.  sir.,  fibrae  precommissurales  striatici;  hab..  habenula;  //■.  sln'o- 
thal.,  tractus  strio-thalamicus;  (r.  llial.  i^lrial..  tractus  thalamo-striaticus. 
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EXPLANATION  OF  FIGURES 

50-51  Neurones  of  the  palaeostriatiim.  Golgi  method.  X  185.  From  sagittal 
sections.  About  the  perikaryon  of  each  neurone  is  a  network  formed  by  the 
terminal  arborization  of  the  neurites  of  the  ascending  fibers  of  the  tractus  strio- 
thalamicus.  The  larger  portion  of  the  cells  of  the  palaeostriatum  are  very  thorny, 
as  shown  in  the  cells  drawn;  a  number  of  the  neurones,  however,  particularly 
those  giving  rise  to  descending  fibers  of  the  tractus  strio-thalamicus,  resemble 
more  closely  fig.  45,  with  less  conspicuous  thorns  and  a  larger  perikaryon.  The 
cells  shown  in  figs.  50  and  51  are  evidently  association  cells ;  their  processes  extend 
over  a  very  large  area,  bringing  difTerent  parts  of  the  hemispheres  into  relation 
with  one  another,  with  the  thalamus  and  hypothalamus,  and  with  the  olfactory 
apparatus  through  the  precommissural  body. 

tr.  thai,  striat.,  tractus  thalamo-striaticus. 
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EXPLANATION  OF  FIGURES 

52  Neurone  from  the  nucleus  olfactorius  lateralis.  Golgi  method.  X  93.  From 
sagittal  section.  This  cell  is  found  in  the  dorso-lateral  portion  of  the  hemisphere, 
its  neurite  enters  the  tractus  strio-thalamicus. 

53  Neurone  of  the  nucleus  pyriformis.  Golgi  method.  X  93.  From  sagittal 
section.  Most  of  the  neurites  from  cells  of  this  character  and  location  enter  the 
tractus  olfacto-hypothalamicus  lateralis. 

54  Transection  through  the  region  of  the  recessus  preopticus.  Ramon  y  Cajal 
method.    X  46. 

55  Transection  through  the  caudal  part  of  the  anterior  commissure.  Weigert 
method.    X  17. 

corp.  preconi.,  pars  supracom.,  corpus  precommissurale,  pars  supracominis- 
t  suralis;  n.  opt.,  nervus  opticus;  nucl.  com.  lat.,  nucleus  commissuralis  lateralis; 
rec.  preopi. ,  recessuspreopticus;  tr.  hyp.  olf.  med.,  tractushypothalamo-olfactorius 
medialis;  tr.med.  preopt.,  pars  ant.,  tractus  mediano-preopticus,  pars  anterior, 
consisting  of  fibers  originating  in  the  anterior  part  of  nucleus  medianus  and 
terminating  about  the  recessus  preopticus;  ir.  med.  preopt.,  pars  post.,  tractus 
mediano-preopticus,  pars  posterior,  consisting  largely  of  fibers  originating  in 
the  commissure  bed  and  ending  about  the  third  ventricle  in  the  region  of  the 
nucleus  preopticus;  tr.  olf.  med.,  pars  lat.  +c.  hipp.,  pars  post.,  tractus  olfactorius 
medialis,  pars  lateralis  plus  commissura  hippocampi,  pa  >  posterior;  tr.  olf.  thai, 
med.,  pars  dors.,  tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  this  component 
of  the  medial  f  orebrain  bundle  appears  in  this  section  for  the  first  time  in  the  draw- 
ings; tr.  olf.  thai,  med.,  pars  vent.,  tractus  olfacto-thalamicus  medialis,  pars  ven- 
tralis;  tr.  strio-thal.  cruc,  tractus  strio-thalamicus  cruciatus;  tr.  slrio-thal.  incruc, 
tractus  strio-thalamicus  incruciatus;  tr.  ten.,  tractus  teniae,  the  tractus  olfacto- 
habenularis  of  Kappers,  Goldstein,  etc. 
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EXPLANATION  OF  FIGUBES 

56  Transection  through  the  caudal  part  of  the  anterior  commissure.  Toluidin 
blue  method.    X  46. 

57  Cells  of  the  nucleus  teniae.  Toluidin  blue  method.  From  transverse 
section.    X  575. 

58-60  Neurones  of  the  nucleus  teniae.  Golgi  method.  X  93.  From  oblique 
sections,  about  midway  between  sagittal  and  transverse. 

corp.  preco7n.,  pars  com.,  corpus  precommissurale,  pars  commissuralis;  corp. 
precom.,  pars  supracom.,  corpus  precommissurale,  pars  supracommissuralis; 
nucl.  com.  lat.,  nucleus  commissuralis  lateralis;  nucl.  olf.  dors.,  nucleus  olfactorius 
dorsalis;  nucl.  pyr.,  nucleus  pyriformis;  nucl.  ten.,  nucleus  teniae;  palaeostr., 
palaeostriatum;  s.  lim.  tel.,  sulcus  limitans  telencephali. 
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EXPLANATION  OF  FIGURES 

61  Transection  through  the  caudal  part  of  the  anterior  commissure.  Weigert 
method.    X  17. 

62  Sagittal  section  slightly  to  one  side  of  tlie  median  line,  showing  the  tractus 
preopticus  superior.  Golgi  method.  X  46.  The  location  of  the  different  parts 
of  the  nucleus  preopticus  is  indicated  by  broken  lines. 

63  Neurone  of  the  tractus  preopticus  superior.  Golgi  method.  X  93.  From 
sagittal  section.    (See  fig.  62). 

64  Cells  of  the  nucleus  preopticus,  pars  parvocellularis  anterior.  Toluidin 
blue  method.    X  575. 

65  Cells  of  the  nucleus  entopeduncularis.  Toluidin  blue  method.  X  575. 
corp.  precom.,  yarscom.,  corpus  precommissurale,  pars  commissuralis;  corp.  pre- 

com.,  pars  supracorn.,  corpus  precommissurale  pars  supracommissuralis ;/asc.  ?«e(i. 
hem.,  fasciculus  medialis  hemisphaerii;  n.  opt.,  nervus  opticus;  nucl.  preopt.,  pars 
parvocell.,  nucleus  preopticus,  pars  parvocellularis;  opt.,  optic  chiasma;  pars  niag- 
rtoceZL,  pars  magnocellularis  of  the  nucleus  preopticus;  pars  parvocell.  post.,  pars 
parvocellularis  posterior  of  the  nucleus  preopticus;  rec.  preopt.,  recessus  preopti- 
cus. tr.  hyp.  olf.  med.,  tractus  hypothalamo-olfactorius  medialis;  tr.  olf.  thai,  ined., 
pars  dors.,  tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  olf.  thai,  med., 
pars  vent.,  tractus  olfacto-thalamicus  medialis,  pars  ventralis;  tr.  med.  preopt., 
pars  ant.,  tractus  mediano-preopticus,  pars  anterior;  tr.  preopt.  sup.,  tractus 
preopticus  superior;  the  connections  of  this  tract  are  fulh*  shown  in  the  figure; 
it  is  apparently,  Goldstein's  tract  X  (Taf.  11,  fig.  7);  tr.  strio-thal.  incruc,  tractus 
strio-thalamicus  incraciatus;  tr.  ten.,  tractus  teniae. 
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EXPLANATION  OF  FIGURES 

66  Transection  through  the  cerebral  hemispheres  caudal  to  the  anterior  com- 
missure.   Toluidin  blue  method.    X  46. 

67  Transection  through  the  cerebral  hemispheres  slighth*  caudal  to  the  level 
shown  in  fig.  66.  Toluidin  blue  method.  X  46.  Shows  particularly  the  rostral 
portion  of  the  pars  magnocellularis  of  the  nucleus  preopticus  and  its  relation  to  the 
pars  parvocellularis. 

corp.  precom.,  pars  intermed.,  corpus  precommissurale,  pars  intermedia;  this, 
the  caudal  prolongation  of  the  pars  supracommissuralis,  meets  the  nucleus  pyri- 
formis  at  the  posterior  pole  of  the  hemisphere,  it  likewise  comes  in  close  contact 
with  the  extension  of  the  pars  commissuralis  caudally  and  ventrally,  the  pars  par- 
vocellularis of  the  nucleus  preopticus; /asc.  lat.  hem.,  fasciculus  lateralis  hemi- 
sphaerii,  the  lateral  forebrain  bundle;  consisting  of  the  tractus  stiio-thalami- 
cus,  tractus  thalamo-striaticus,  tractus  olfacto-hypothalamicus  lateralis  and 
tractus  hypothalamo-olfactorius  lateralis;  fasc.  vied,  hem.,  fasciculus  medialis 
hemisphaerii,  the  medial  forebrain  bundle;  nucl.  enloped.,  nucleus  entopeduncu- 
laris;  nucl.,  preopt.  pars  magnocell.,  nucleus  preopticus,  pars  magnocellularis; 
nucl.  preopt.,  pars  parvocell.,  nucleus  preopticus,  pars  parvocellularis  anterior; 
nucl.  pyr.,  nucleus  pyriformis;  n!/c/.  ten.,  nucleus  teniae;  s.  lim.  tel.,  sulcus  limitans 
telencephli;  s.  ypsil.,  fur.  ant.,  sulcus  ypsiliformis,  furca  anterior. 
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EXPLANATION  OF  FIGURES 

68  Transection,  at  the  level  of  the  chiasma.    Weigert  method.    X  17. 

69  Transection  at  approximately  the  same  level  as  shown  in  fig.  68.  Ramon  y 
Cajal  method.    X  46. 

corp.  precom.,  pars  internied.,  corpus  precommissurale,  pars  intermedia;  fasc. 

lat.  hem.  <  >,  fasciculus  lateralis  hemisphaerii;  fasc.  med.  hem.  <  >,  fasciculus 

medialis  hemisphaerii;  nucl.  entoped.,  nucleus  entopeduncularis;  nucl.  preopt., 
pars  magnocell,,  nucleus  preopticus,  pars  magnocellularis;  nucl.  preopt.,  pars 
parvocell.,  nucleus  preopticus,  pars  parvocellularis;  nitcZ.  pyr.,  nucleus  pyriformis; 
.sac.  dors.,  saccus  dorsalis;s.  ypsil.,  fur.  post.,  sulcus  j-psiliformis,  furca  poste- 
rior; ir.  hyp.  olf.  wecZ.,  tractus  hypothalamo-olfactorius  medialis;  tr.  olf.  hyp.  lat. 

<  >,  tractus  olfacto-hypothalamicus  lateralis;  tr.  olf.  thai,  med.,  pars  dors., 

tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  tr.  olf.  thai,  med.,  pars  vent., 
tractus  olfacto-thalamicus  medialis,  pars  ventralis;  tr.  opt.,  tractus  opticus; 
tr.  praeih.  cin.,  tractus  praethalamo-cinereus  of  Kappers;  tr.  preopt.  entoped. 

< — — ^,  tractus  preoptico-entopeduncularis;  tr.  preopt.  intermed.,  pars  ant.  <  >, 

tractus  preoptico-intermedius,  pars  anterior;  Ir.  preopt.  intermed.,  pars  lat., 

tractus  preoptico-intermedius,  pars  lateralis;  tr.  strio-thal.  cruc.  <  >,  tractus 

strio-thalamicus  eruciatus;  tr.  strio-thal.  incrxic.  <  >,  tractus  strio-thalamicus 

incruciatus;  tr.  ten.,  tractus  teniae. 
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70  Transection  through  the  posterior  pole  of  the  hemisphere  and  the  nucleus 
magnocellularis.    Toluidin  blue  method.    X  46. 

71  A  group  of  cells  of  the  nucleus  magnocellularis.  Toluidin  blue  method. 
X  575. 

72  Transection  slightly  caudal  to  the  level  shown  in  fig.  69.  Ramon  y  Cajal 
method.    X  46. 

fasc.  nied.  hem.  <  >,  fasciculus  medialis  hemisphaerii;  nucl.  entoped.,  nucleus 

entopeduncularis;  7iucl.  intermed.,  nucleus  intermedius;  nucl.  preopt.,  pars 
magnocell.,  nucleus  preopticus,  pars  magnocellularis;  nucl.  preopt.,  pars  parvocell. 
lat.,  nucleus  preopticus,  pars  parvocellularis  lateralis;  tr.  entoped.  hah.,  tractus 

entopedunculo-habenularis;  tr.  olf.  hyp.  lat.  <  >,  tractus  olfacto-hypothala- 

micus   lateralis;   tr.   praeth.    cin.,    tractus   praethalamo-cinereus;  tr.  preopt. 

entoped.  <  >,  tractus  preoptico-entopeduncularis;  tr.  preopt.  intermed.,  pars 

lat.,  tractus  preoptico-intermedius,  pars  lateralis;  tr.  preopt.  intermed.,  pars  med. 

<  tractus  preoptico-intermedius,  pars  medialis;  tr.  strio-thal.  cruc.  <  >, 

tractus  strio-thalamicus  cruciatus;  tr.  strio-thal.  incruc.  <  >,  tractus  strio-tha- 

lamicus  incruciatus;  tr.  ten.,  tractus  teniae. 
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PLATE  17 


H^^^swicl  entoped. 


71 


iVLcL  pi'eopt.,pa.r5  ma.gnocell. 
cl.preopt,  pa.r5  pM'voceU.l& 


iv  tei 

tr.  oly,  hyp.  l&l. 

.t^r  Greopt.  intermed.,  p6,t:5  med. 
r,  entoped .  ha,b. 
fa.3.c.  med.  hem. 

5trio-th6,\,  cruc.-e-^ 
hijcl.  entoped. 

pl.mtermed.,  p<5-r5.  \&X. 
pKeopt.  entoped.^ 
5trio-th6.1.  incruc.«^ 
)r6.elh.,  cin. 

p2).f5  Tn5,<5nocell. 
pr6.eth.  cm. 


289 


THE  JOURNAL  OF  COMPARATIVE  NEUROLOGY,  VOL.  22,  NO.  3 


PLATE  18 


EXPLANATION  OF  FIGURES 

73  Transection  at  the  level  of  the  commissura  transversa.  Weigert  method. 
X  17. 

74  Transection  through  the  same  region  as  is  shown  in  fig.  73.  Ramon  y  Ca]^. 
method.  X  46.  Shows  particularly  the  tractus  preoptico-habenularis,  pars 
lateralis.  In  Petromyzon,  according  to  Johnston  ('02),  a  large  portion  of  the  fibers 
of  his  tractus  olfacto-habenularis  (my  tractus  preoptico-habenularis)  take  this 
course;  as  is  also  the  case,  but  to  a  lesser  extent,  in  amphibians  and  reptiles  (Her- 
rick,  '10  b). 

75  Cells  of  origin  of  the  fasciculus  retroflexus,  or  IMeynert's  bundle.  Golgi 
method.  X  93.  One  of  the  cells  possesses  a  long  neurite  which  may  be  traced  into 
the  fasciculus  retroflexus. 

com.  trans.,  commissura  transversa;  fasc.  lat.  hem.  <  fasciculus  lateralis 

hemisphaerii;  fasc.  med.  hem.  <  >,  fasciculus  medialis  hemisphaerii ; /asc.  med. 

n.  opt.,  fasciculus  medialis  nervi  optici;  hah.,  habenula;  nucl.  preopt.,  pars 
magnocell.,  nucleus  preopticus,  pars  magnocellularis;  pol.  post,  hem.,  polus 
posterior  hemisphaerii;  tr.  hyp.  olf.  med.,  tractus  hypothalamo-olfactorius 
medialis;  tr.  olf.  hah.,  tractus  olfacto-habenularis;  tr.  olf.  thai,  med.,  pars  dors., 
tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  tr.  olf.   thai,  med.,  pars 

interrned.  <  >,  tractus  olfacto-thalamicus  medialis,  pars  intermedia;  ir.  olf. 

thai,  med.,  pars  vent.,  tractus  olfacto-thalamicus  medialis,  pars  ventralis;  tr.  opt., 
tractus  opticus;  tr.  praeth.  cin.,  tractus  praethalamo-cinereus ;  tr.  preopt.  hah., 
partes  ant.  et  med.,  tractus  preoptico-habenularis,  partes  anterior  et  medialis; 
tr.  preopt.  hah.,  pars  lat.,  tractus  preoptico-habenularis,  pars  lateralis;  tr.  preopt. 
hah.,  pars  post.,  tractus  preoptico-habenularis,  pars  posterior;^;-,  preopt. interrned., 
pars,  lat.,  tractus  preoptico-intermedius,  pars  lateralis. 
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pol.  po5t.  hem. 
tf.   olf  hd.b 
tv-  pre  o  pi  h&.b.j 

pasftes  <^nl.  et  med 
ttr  hyp.  olf.  med. 
tr  olf.  the>>l.  med., 
peb,rs  mt-ermed. 
ir  olf.  thad.  med., 
p{xr5  dov5. 

tr.  olf.  Ih6.1.  med., 

pa.r5  vent 
n.ucl.  preopl., 

pSvt-s  mak'gnocell. 
jta^sc    la.t.  hem. 
Ir.  opt. 

tK  p-ir6,eth.  cin. 
tr  preopt.  intermed., 
pevt-s  l6>t 

tr.  pireyeth.  cin. 
fa^sc.  med.  n.  opt. 
com.  trd,ns. 


■ti-  olf.  h&b. 

■eopt.  h6,b.,  pexrs  post, 
med.  hem.  <^ 
z  l6.t.  hem. 
-  opt. 

'.  pr(5,eth  cin. 
^3c.  med.  n  opt. 
r    preopt.  ha,b.,  p^rs  la>t. 
cm.  tr<5,n5. 


^^^^  75 
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PLATE  19 


EXPLANATION  OF  FIGURES 

76  Transection  through  the  ganglia  habenularum.    Weigert  method.    X  17. 

77  Transection  at  the  level  of  the  commissura  horizontalis.  Weigert  method. 
X  17. 

a,  fibers,  originating  largely  in  the  nucleus  posthabenularis  and  apparentlj- 
entering  the  optic  tract  (described  as  an  optic  connection  by  Bela  Haller);  com. 
hah.,  commissura  habenularis,  containing  also  decussating  fibers  of  thetwotractus 
olfacto-habenulares;  com.  Herrick,  commissura  Herricki;  com.  horiz.,  commissura 
horizontalis  of  Fritsch;  com.  trans.,  commissura  transvei-sa;  corp.  gen.  lat.,  corpus 

geniculatum  laterale ; /asc.  lat.  hem.  <  >,  fasciculus  lateralis  hemisphaerii; /asc. 

med.  n.  o-pt.,  fasciculus  medialis  nervi  optici;  fasc.  retr.,  fasciculus  retroflexus; 
fib.  teat.  n.  opt.,  fibrae  tectales  nervi  optici  (centrifugal);  hab.,  habenula;  lob.  inf., 
lobus  inferior;  nwcL  preopt.,  pars  parvocell.  post.,  nucleus  preopticus.  pars  parvo- 
cellularis  posterior;  nucl.  prerot.,  nucleus  prerotundus;  nucl.  vent,  tub.,  nucleus 

ventralis  tuberis;  tr.  hab.  dien  .  <  >,  tractus  habenulo-diencephalicus;  this  is  the 

'tractus  habenula  ad  diencephalon'  of  Goldstein;  tr.  hyp.  olf.  med.,  tractus  hypo- 
thalamo-olfactorius  medialis;  tr.  olf.  hab.,  tractus  olfacto-habenularis;  tr.  olf. 
thai,  med.,  jjars  dors.,  tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  ir.  olf. 
thai,  med.,  pars  intermed.  <  >,  tractus  olfacto-thalamicus  medialis,  pars  inter- 
media; tr.  olf.  thai,  med.,  pars  vent.,  tractus  olfacto-thalamicus  medialis,  pars  ven- 
tralis; tr.  opt.,  tractus  opticus;  tr.  praeth.  cin.,  tractus  praethalamo-cinereus. 
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tectum, 
com.  ha.b. 

fib.  tect.  n.  opt. 
tf.  hyp  olf.  med. 
tr.  olt.  tha>l.  med., 

pa,+-s  dors 
■tr  oil  theJ.  -med., 

pa-rs  mtermed.' 
tr.  olf  thM.  Tned.. 
pe^rs  vent. 
— -fevsc.  lA,t.  hem.^ 
-^f6.5c  med.  n  opt. 

tr.  pr6.eth.  cm. 
—  com  tre^ns 


77 


fa.3c.  retr 
f I'o.  te.c-t,  n _^t . 
H    Q.lf.  ha,b. 
^. 

if,  havb.  dien.  <^ 

tr.  lft>^..,-Ql{v^-rae4r:r-----._ 
tr  opt . 

tr.  olt  thAl.  med.,  pars  dors 

tr.  olf.  tha>l.  med.,  p^r5  mtermed 

tr.  olf,  tbAvb  med.,  pa^rs  vent. 

fa>sc.  Idvt.  hem.<-^- 

nu-cl.  preopb,  pa,rs  pArvocell,  post. 

f6>3c.  med.  n.  opt. 

com,  flerrick. 

tr.  pravelh,  cinJ  \ 

com.  tra,ns^i| 

com.  horiz:. 


lob.  Inf. 

..^ucl^prerotTr:;^ 
Uictr'S/entr^ub- 
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PLATE  20 


EXPLANATION  OF  FIGURES 

78  Transection  through  the  ganglia  habenularum.  Toluidin  blue  method. 
X  46. 

com.  horiz.,  commissura  horizontalis;  corp.  gen.  lat.,  corpus  geniculatum 
laterale;^6.  ans.,  fibrae  ansulatae;  hab.,  habenula,  showing  characteristic  arrange- 
ment of  cells;  hyp.,  hypophysis;  lob.  inf.,  lobus  inferior;  nucl.  ant.  thai.,  nucleus 
anterior  thalami  of  Goldstein;  nucl.  posthab.,  nucleus  posthabenularis,  'Das 
posthabenulare  Zwischenhirngebiet'  of  Goldstein,  'Die  posthabenulare  Zwischen- 
hirngegend'  of  Bela  Haller;  nucl.  preopt.,  pars  parvocell.  post.,  nucleus  preopticus. 
pars  parvocellularis  posterior;  nucl.  preroi.,  nucleus  prerotundus;  nucl.  vent,  tub., 
nucleus  ventralis  tuberis. 
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PLATE  21 


EXPLANATION  OF  FIGURES 

79  Transection  slightly  caudal  to  the  level  shown  in  fig.  77.  Weigert  method. 
X  17. 

80  Transection  through  the  nucleus  anterior  tuberis.  Weigert  method.  X  17. 
a,  see  fig.  76;  com.  Herrick.,  commissura  Herricki;  com.  horiz.,  commissura  hori- 

zontalis;  com.  post.,  commissura  posterior;  com.  trans.,  commissura  transversa; 
corp.  gen.  lat.,  corpus  geniculatum  laterale;  fasc.  lat.  he?}i.<  fasciculus  later- 
alis hemisphaerii ; /asc.  med.  n.  opt.,  fasciculus  medialis  nervi  optici; /asc.  retr., 
fasciculus  retroflexus;  ^6.  ans.,  fibrae  ansulatae;  tect.  n.  opt.,  fibrae  tectales 
nervi  optici;  hab.,  habenula;  hyp.,  hypophysis;  lob.  inf.,  lobus  inferior;  nucl.  ant. 
thai.,  nucleus  anterior  thalami;  nucl.  ant.  tub.,  nucleus  anterior  tuberis;  nucl.  lat. 
tub.,  nucleus  lateralis  tuberis;  nucl.  prerot.,  nucleus  prerotundus;  nucl.  vent,  tub., 
nucleus  ventralis  tuberis;  tectum,  tectum  opticum;  tor.  long.,  torus  longitudinalis; 

tr.  hab.  dien.<  >,  tractus  habenulo-diencephalicus;  tr.  hyp.  olf.  med.,  tractus 

hypothalamo-olfactorius  medialis;  tr.  olf.  thai,  med.,  pars  dors.,  tractus  olfaeto- 

thalamicus  medialis,  pars  dorsalis;  tr.  olf.  thai,  ined.,  pars  intermed.<  tractus 

olfacto-thalamicus  medialis,  pars-intermedia;  tr.  olf.  thai,  med.,  pars  vent.,  tractus 
olfacto-tlialamicus  medialis,  pars  ventralis;  tr.  opt.  tractus  opticus,  ^r.  praelh.  cin., 

tractus  praethalamo-cinereus;  tr.  strio-thal.  incruc.<  >,  tractus  strio-thalami- 

cus  incruciatus;  tr.  tub.  dors.,  tractus  tubero-dorsalis;  valvula,  valvula  cerebelli. 
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tir.    hyp.  olf.  med, 
/       olf.  thai,  med.j  pe>,r5  intei-med. 
t*".  olf.  thai,  med-,  piv-t-s  dors 
tr  olf.  thiil.  med.,  p&rs  vent. 
tr.  opt. 

f6.5c.  l&t.  heTn.<^ 
com.  fA.ei'-ricK. 
fd.sc.  med.  n.  opt. 
ti'  pre>,eth.  cm. 
com.  tt-dins. 

com.  hov-iz.. 
lob.  mf. 

nucl  pret-ot.  yf 
-nu.cl .  vewCT^AiljN 

^com.  post, 
fib.  tect.  n.  opt. 
hevb^ 

nucl.  d.nt.  thd.1- 
.corp.  'gen.  leA. 
t-r.  opt. 

Xr.  h©,b.  dien.  •^-^ 

tr.  hyp.  olf.  med. 

jtt:  olf.  thdvl  med.,ps>.rs  dors 

tr.  olf  th6.1.  med.,  pa^rs  intermed. 

-tr  olf.  thd,l  med.,  p6,r5  vent. 

com.  trd.ns. 

fib.  e>.n5 

lob.vmf. 

nucl.  p^^erot. 

■.\..;-|?|br  stt-io-thesA-  incruc. 

lom.  hor|i«z. 

■  -     J  tr  tub.  dors' 

v.!!i-;'^^fe*^ucl.  &>nt.  tjutb. 
•^lii'-"'-'-  - 

j^/"^'tr  pra-elh.  cm. 
nucl.  lei.t.  tub. 
■nucl.  vent.  tub. 
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EXPLANATION  OF  FIGURES 

81  Transection  through  the  nucleus  anterior  tuberis.  Tohiidin  blue  method 
X  46. 

com.  trans.,  commissura  transversa;  corp.  gen.  lal.,  corpus  geniculatum  lat- 
erale;  hab.,  habenula;  hyp.,  hypophysis;  lob.  inf.,  lobus  inferior;  nucl.  ant.  thai. 
nucleus  anterior  thalami;  nwcZ.  ant.  tub.,  nucleus  anterior  tuberis;  nucl.  posihab. 
nucleus  posthabenularis;  nucl.  preroi.,  nucleus  prerotundus;  nucl.  vent.  tub. 
nucleus  ventralis  tuberis;  tr.  opt.,  tractus  opticus. 
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PLATE  23 


EXPLANATION  OF  FIGURES 

82  Transection  slightly  caudal  to  the  level  shown  in  fig.  80.  Weigert  method. 
X  17. 

83  Transection  through  the  rostral  end  of  the  nucleus  rotundus.  Weigert 
method.  X  17.  Shows  particularly  the  connections  between  the  fasciculuslater- 
alis  hemisphaerii  and  the  nuclei  prerotundus,  rotundus  and  diflusus  lobi  lateralis. 

a,  (see fig.  76) ;  corp.  gen.  lat.,  corpus  geniculatumlaterale;  com.  /ioriz.,  commissura 
horizontalis; com.  post.,  commissura posterior ; co??i.  trans.,  commissura transversa; 
fasc.  retr.,  fasciculus  retroflexus;  _/!6.  ans.,  fibrae  ansulatae;  fib.  tect.  n.  op<.,fibrae 
tectales  nervi  optici; hypophysis;  Zo6.  lobus  inferior;  nucl.  ant.  thai., 
nucleus  anterior  thalami ;  nwcL  ani.  tub.,  nucleus  anterior  tuberis;  wt<cZ.  lat.  tub., 
nucleus  lateralis  tuberis;  nucl.  prerot.,  nucleus  prerotundus;  nucl.  rot.,  nucleus 
rotundus;  nucl.  vent,  tub.,  nucleus  ventralis  tuberis;  tr.  cbl.  tect.  +  com.  horiz., 

tractus  cerebello-tectalis  plus  the  commissura  horizontalis;  tr.  hab.  dien.<  >, 

tractus  habenulo-diencephalicus;  tr.  hyp.  olf.  med.,  tractus  hypothalamo-olfac- 
torius  medialis;  tr.  olf.  hyp.  lat.  +  tr.  strio-thal.  cruc,  tractus  olfacto-hypothalami- 
cus  lateralis  plus  the  tractus  strio-thalamicus  cruciatus;  tr.  olf.  thai,  med.,  pars 
dors.,  tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  tr.  olf.  thai,  med.,  pars 

intermed.<  >,  tractus  olfacto-thalamicus  medialis,  pars  intermedia;  tr.  olf.  thai. 

med.,  pars  vent.,  tractus  olfacto-thalamicus  medialis,  pars  ventralis;  tr.  opt., 
tractus  opticus;  tr.  praeth.  cin.,  tractus  praethalamo-cinereus;  tr.  rot.  lent.,  trac- 
tus rotundo-lentiformis  (Kappers);  tr.  strio-thal.    incruc.<  >,  tractus  strio- 

thalamicus  incruciatus;  shows  particularly  the  fibers  innervating  the  nucleus 
diffusus  lobi  lateralis;  tr.  thai,  mam.,  tractus  thalamo-mammillaris  (Goldstein); 
tr.  thai,  sp.,  tractus  thalamo-spinalis  (Kappers) ;  <r.  dors.,  tractus  tubero-dor- 
salis. 
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com.  po5t. 
f6.5d:retr. 
nucl.  ei.nt.  \h&.]. 
"^orp.  gen.  l6.t. 

/  tr.  hyp.  olt.  med. 
1  tr.  olf.  tha,!.  med.,p6,r5.  intermed. 
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nucl.  pre  rot. 
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nucl,  a,nt.  tub. 
tr  itrio-the^l.  mcruc, 
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nucl.  vent.  tub. 
lob.  mf. 
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tr  th&l.  ma^m. 
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tr  opt. 

com.  trd.n5. 
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tr  hyp.olf.med, 

tr.  olf.  tha,l.Tned.,pei,r5.  dors. 

tr.  olf.  hyp.  16.1.+  tr.  at.^'io-t'hd^'i.  cruc. 
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PLATE  24 


EXPLANATIOX  OF  FIGURES 

84  Transection  through  the  rostral  end  of  the  nucleus  rotundus.  Toluidin 
blue  method.    X  46. 

85  Cells  of  the  nucleus  prerotundus.  Toluidin  blue  method.  X  575.  From 
the  right  nucleus.  Shows  the  scattered  arrangement  of  the  cells  and  their  differ- 
ence in  size. 

86  Neurones  of  the  nucleus  prerotundus.  Golgi  method.  X93.  From  sagit- 
tal section. 

b,  cells  adjacent  to  the  recessus  lateralis  hj^pothalami  (see  fig.  87);  com. 
trans.,  commissura  transversa;  fasc.  retr.,  fasciculus  retroflexus;  nucl.  ant.  tub., 
nucleus  anterior  tuberis;  nucl.  dif.  lob.  lat.,  nucleus  diffusus  lobi  lateralis; 
nucl.  lat.  tub.,  nucleus  lateralis  tuberis;  nucl.  posthab.,  nucleus  posthabenularis ; 
nucl.  prerot.,  nucleus  prerotundus;  nurl.  rot.,  nucleus  rotundus  ;  nucl.  vent,  tub., 
nucleus  ventralis  tuberis. 
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PLATE  25 


EXPLANATION  OF  FIGURES 

87-88  Neurones  of  the  nucleus  prerotundus,  Golgi  method.  X  93.  From  sag- 
ittal sections. 

89  Transection  immediately  caudal  to  the  level  of  the  commissura  posterior. 
Toluidin  blue  method.    X  46. 

90  Cells  of  the  nucleus  rotundas.  Toluidin  blue  method.  X  575.  Shows  the 
typical  arrangement  of  the  cells  in  scattered  groups. 

com.  post.,  commissura  posterior;  fasc.  retr.,  fasciculus  retroflexus;  rnicl.  ant. 
tub.,  nucleus  anterior  tuberis;  nucl.  cbl.  hyp.,  nucleus  cerebellaris  hj'pothalami; 
nucl.  dif.  lob.  lat.,  nucleus  diffusus  lobilateralis;nwcZ.  prerot.,  nucleus  prerotundus; 
nucl.  rot.,  nucleus  rotundus;  rec.  Int.  hyp.,  recessus  lateralis  hypothalami. 
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EXPLANATION  OF  FIGURES 

91-94  Neurones  of  the  nucleus  rotundus.  Golgi  method.  X  93.  From  sagit- 
tal sections. 

95-99  Neurones  from  different  parts  of  the  lobi  laterales.  Golgi  method.  X 
93.  From  sagittal  sections.  Fig.  95  is  taken  from  the  caudal  angle  of  the  lobe, 
fig.  96  from  the  ventro-medial  area,  fig.  97  from  the  latero-medial,  figs.  98  and  99 
from  the  ventral  area  proper. 

100  Transection  at  approximately  the  same  level  as  that  shown  in  fig.  89. 
Weigert  method.    X  17. 

com.  horiz.,  commissura  horizontalis;  coin,  post.,  commissura  posterior;  com. 
trans.,  commissura  transversa;  fasc.  retr.,  fasciculus  retrofiexus;  niicl.  ant.  tub., 
nucleus  anterior  tuberis;  nucl.  dif.  lob.  lat.,  nucleus  diffusus  lobi  lateralis;  nwcZ. 
prerot.,  nucleus  prerotundus;  nucl.  rot.,  nucleus  rotundus;  tr.  chl.  tect.  +  coin, 
horiz.,  tractus  cerebello-tectalis  plus  commissura  horizontalis;  ir.  Jiab.  dien. 

<  ^,  tractus  habenulo-diencephalicus;  <r.  hyp.olf.  med.,  tractus  hj-pothalamo- 

olfactorius  medialis;  tr.  olf.  thai,  med.,  pars  dors.,  tractus  olfacto-thalamicus 
medialis,  pars  dorsalis;  tr.  olf.  i/iaZ.  med.,  pors  I'eni.,  tractus  olfacto-thalamicus 
medialis,  pars  ventralis;  tr.  rot.  lent.,  tractus  rotundo-lentiformis;  tr.  strio-thal. 
cr-uc.+ tr.  olf.  hyp.  Za<.,  tractus  strio-thalamicus  cruciatus  plus  tractus  olfacto- 
hypothalamicus  lateralis;  tr.  thai,  mam.,  tractus  thalamo-mammillaris ;  ir.  thai, 
sp.,  tractus  thalamo-spinalis. 
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PLATE  27 


EXPLANATION  OF  FIGURES 

101  Transection  slightly  caudal  to  the  level  shown  in  fig.  100.  Weigert 
method.    X  17. 

102  Transection  through  the  decussation  of  the  tractus  hypothalamo-olfactorii 
mediales.    Ramon  y  Cajal  method.    X  46. 

com.  horiz.,  commissura  horizontalis;  com.  post.,  commissura  posterior;  cow?. 
trans.,  commissura  transversa;  dec.  tr.  hyp.  olf.  7ned.,  decussatio  tractorum  olfac- 
torioriim  medialium ;/asc.  retr.  fasciculus  retroflexus;  loh.  lat.  hyp.,  lobus  lateralis 
hypothalami;  loh.  med.  hyp.,  lobus  medialis  hypothalami;  nucl.  dif.  lob.  lat., 
nucleus  diffusus  lobi  lateralis;  nucl.  prerot.,  nucleus  prerotundus;  nucl.  rot., 
nucleus  rotundus;  nucl.  subrot.,  nucleus  subrotundus;  rec.  lat.  hyp.,  recessus 
lateralis  hypothalami;  tr.  cbl.  iect.  +  tr.  rot.  lent.  +  com.  horiz.,  tractus  cerebello- 
tectalis  plus  tractus  rotundo-lentiformis  plus  commissura  horizontalis;  tr.  hab. 

dien.<  tractus  habenulo-diencephalicus;  tr.  hyp.  olf.  med.,  tractus  hypo- 

thalamo-olfactorius  medialis;  ir.  olf.  thai,  med.,  pars  dors.,  tractus  olfacto-tha- 
lamicus  medialis,  pars  dorsalis;  tr.  olf.  thai,  med.,  pars  vent.,  tractus  olfacto- 
thalamicus  medialis,  pars  ventralis;  tr.  rot.  lob.,  tractus  rotundo-lobaris;  tr.  slrio- 
thal.  cruc.  +  ir.  olf.  hyp.  lat.,  tractus  strio-thalamicus  cruciatus  plus  tractus 
olf acto-hypothalamicus  lateralis;  tr.  thai,  mam.,  tractus  thalamo-mammillaris;  tr. 
thai,  sp.,  tractus  thalamo-spinalis  (Kappers). 
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com.  post. 

tr.  cbl.  led  +tr.  rot.  lent.  + 
com.  ho-Kiz. 

tv.  tbevl.  5p, 
tr.  tha>l.  TTiiM-n. 
com.  tmns. 
nuLcl.  pv^+-ot. 
t+-.  hyp.  olf.  med. 
tr.  strio-tha^l.  ciruc.+ 

tr.  olf.  hyp.  la.t. 
tr.  hAb.  dien.  <^ 
nuc3.  rol. 

oli.  thai,  med.,  p&rs  dors. 
oH.  tha-1.  med,,  p&rs  vent. 
coTTi,  horiz. 
rot.  lob. 
.  la>t.  hyp. 
.  lext.hyp. 

.  med  .  hyp. 

^=aay?cl.  d  if.  lob.  ta.t. 
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PLATE  28 


EXPLANATION  OF  FIGURES 

103  Transection  through  the  nucleus  posterior  tuberis.  Toluidin  blue  metliod. 
X  46. 

104  Oblique  longitudinal  section  showing  the  origin  of  the  tractus  hypothal- 
amo-olfactorius  medialis.    Golgi  method.    X  9. 

105  Neurone  of  origin  of  the  tractus  hypothalamo-olfactoriusmedialis.  Golgi 
method.    X  93.    Taken  from  same  section  as  fig.  104. 

chiasma,  optic  chiasma;  corp.  preconi.,  corpus  precommissurale;  crus  ulf.,  crus 
olfactorium;  n.  opt.,  nervus  opticus;  nucl.  cbl.  hyp.,  nucleus  cerebellaris  hypo- 
thalami; nucl.  dif.  lob.  lat.,  nucleus  diffusus  lobi  lateralis ;  nucl.  post,  thai.,  nucleus 
posterior  thalami;  nucl.  post,  tub.,  nucleus  posterior  tuberis;  nucl.  prerot.,  nucleus 
prerotundus;  nucl.  rot.,  nucleus  rotundus;  rec.  lat.  hyp.,  recessus  lateralis  hypo- 
thalami; sac.  vase,  saccus  vasculosus;  tela,  membranous  roof  of  forebrain;  tr. 
cbl.  hyp.,  tractus  cerebello-hypothalamicus;  tr.  hyp.  olf.  med.,  tractus  hypothal- 
amo-olfactorius  medialis;  tr.  opt.,  tractus  opticus;  tr.  strio-thal.,  tractus  strio- 
thalamicus;  tr.  thai,  str.,  tractus  thalamo-striaticus;  valvula,  valvula  cerebelli. 
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PLATE  29 


EXPLANATION  OF  FIGURES 

106  Transection  through  the  Haubenwulst.    Toluidin  blue  method.    X  46. 

107  Transection  through  the  nucleus  subrotundus.  Toluidin  blue  method. 
X  47.  Detail  cells.  X  575.  Shows  the  characteristic  grouping  of  the  cells  in  the 
center  of  the  nucleus  (see  fig.  106).    From  right  side. 

108  Cells  of  the  nucleus  cerebellaris  hypothalami.  Toluidin  blue  method. 
X  575.    Shows  typical  scattered  arrangement  of  the  cells  (see  figs.  103  and  106). 

nucl.  cbl.  hyp.,  nucleus  cerebellaris  hypothalami;  nucl.  dif.  lob.  lat.,  nucleus 
diffusus  lobi  lateralis;  nucl.  fasc.  long,  med.,  nucleus  fasciculi  longitudinalis 
medialis;  nucl.  post,  thai.,  nucleus  posterior  thalami;  nucl.  prerot.,  nucleus 
prerotundus;  nucl.  rot.,  nucleus  rotundus;  nucl.  suhrot.  nucleus  subrotundus; 
rec.  lat.  hyp.,  7-ecessus  lateralis  hypothalami. 
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PLATE  30 


EXPLANATION  OF  FIGDEES 

109    Cells  of  the  nucleus  posterior  tlialami.    Toluidin  blue  method.    X  575. 

110-113  Neurones  of  the  nucleus  posterior  thalami.  Golgi  method.  X  93. 
From  sagittal  sections.  As  will  be  noted,  the  cells  of  this  nucleus  are  very  large. 
They  appear  larger  in  sagittal  than  in  transverse  sections,  both  in  toluidin  blue 
and  Golgi  material. 

114  Transection  at  approximately  the  same  level  as  that  shown  in  fig.  106. 
Weigert  method.    X  17. 

com.  horiz.,  commissura  horizontalis;  com.  post.,  commissura  posterior;  com. 
trans.,  commissura  transversa ;/asc.  reir.,  fasciculus  retrofiexus;  micl.  clif.  lob.  lot., 
nucleus  diffusus  lobi  lateralis;  nucl.  post,  tub.,  nucleus  posterior  tuberis;  ?iMcZ. 
prerot.,  nucleus  prerotundus;  nucl.  rot.,  nucleus  rotundus;  riiicl.  subrot.,  nucleus 
subrotundus;  sac.  vase,  saccus  vasculosus;  tr.  cbl.  t",ct.  +  tr.  rot.  lent.  +  com. 
horiz.,  tractus  cerebello-tectalis  plus  tractus  rotundo-lentiformis  plus  commissura 
horizontalis;  tr.  cbl.  hyp.,  tractus  cerebello-hj'pothalamicus;  tr.  olf.  thai,  med., 
pars  dors.,  tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  tr.  olf.  thai,  med., 
pars  vent.,  tractus  olfacto-thalamicus  medialis,  pars  ventralis;  tr.  rot.  lob.,  tractus 
rotundo-lobaris ;  tr.  thai,  mam.,  tractus  thalamo-maramillaris;  tr.  thai,  sp.,  tractus 
thalamo-spinalis  (Kappers). 
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.tr.  cbl.  tec-t  +  tf.  TOt.  lent.+ com.  horiz, 
-Com.  post. 
fej.3c.  retr. 
W  Ir.  sp. 


Ir.  tha.!.  md^m. 
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tf.  cbl,  hyp. 
nucl.  rot. 
com.  hofiz. 

■t-K  olf.  th6,l.  med.,  p6.r3  vent 
olf.  tha.1.  med.,  pe>,rs  dors, 
nu-cl .  su,brot. 
'tr.  rot.  lob. 
Snuci.  post.  tub. 
^nucl,  dif  lob.  la-t 

56,C.  V2>,5C. 
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PLATE  31 


EXPLANATION  OF  FIGURES 

115  Transection  slightly  caudal  to  the  level  shown  in  fig.  114.  Weigert  method. 
X  17. 

116  Transection  slightly  caudal  to  the  level  shown  in  fig.  115.  Weigert  method. 
X  17. 

com.  horiz.  +  tr.  rot.  lent.,  commissura  horizontalis  plus  tractus  rotundo- 
lentiformis;  com.  trans.,  commissura  transversa;  corp.  mam.  (G),  corpus  mammil- 
lare,  the  ganglion  mammillare  of  Goldstein; /a.sc.  retr.,  fasciculus  retroflexus; 
nucl.  dif.  lob.  lat.,  nucleus  diffusus  lobi  lateralis;  nucl.  post,  thai.,  nucleus  posterior 
thalami;  nucl.  post,  tub.,  nucleus  posterior  tuberis;  nucl.  prerot.,  nucleus  prero- 
tvLndus;  nucl.  rot.,  nucleus  rotundus;  nucl.  subrot.,  micleus  subrotundus;  sac.  vase, 
saccus  vasculosus;  tr.  cbl.  tect.,  tractus  cerebello-tectalis;  tr.  cbl.  tect.  +  tr.  rot. 
lent.  +  com.  horiz.,  tractus  cerebello-tectalis  plus  tractus  rotundo-lentiformis  plus 
commissura  horizontalis;  tr.  cbl.  hyp.,  tractus  cerebello-hypothalamicus ;  tr.  olf. 
thai,  med.,  pars,  dors.,  tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  its  con- 
nection with  the  nucleus  subrotundus  comes  out  with  great  clearness  in  these 
figures;  tr.  olf.  thai,  med.,  pars,  vent.,  tractus  olfacto-thalamicus  medialis,  pars 
ventralis;  in  fig.  116,  immediately  lateral  to  the  nucleus  rotundus,  is  shown  the 
termination  of  this  tract;  tr.  rot.  lob.,  tractus  rotundo-lobaris :  tr.  thai,  mam., 
tractus  thalamo-mammillaris;  tr.  thai,  sp.,  tractus  thalamo-spinalis  (Kappers.) 
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ir.  cbl.  tect  +  tr  rot  lent.+  com.  hori^. 
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S6.C.  V6,6C. 
nu.cL  dif.  )ob.  lat 
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EXPLANATION  OF  FIGUEES 

117  Transection  through  the  corpus  mammillare,  the  ganglion  mammillare  of 
Goldstein.    Toluidin  blue  method.    X  46. 

118  Cells  of  the  corpus  mammillare.    Toluidin  blue  method.    X  575. 
119-121    Neurones  of  the  corpus  mammillare.    Golgi  method.    X  93.  From 

sagittal  sections.  It  will  be  noted  from  figs.  117  to  121  that  the  cells  of  the  corpus 
mammillare  are  very  small  and  closely  packed. 

corp.  mam.  (G),  corpus  mammillare,  the  ganglion  mammillare  of  Goldstein; 
nucl.  cbl.  hyp.,  nucleus  cerebellaris  hypothalami;  nucl.  dif.  lob.  Int.,  nucleus 
diffusus  lobi  lateralis ;  nucl.  fasc.  long.,  nucleus  fasciculus  longitudinalis  medialis; 
nucl.  post,  thai.,  nucleus  posterior  thalami;  nucl.  prerot.,  nucleus  prerotundus; 
nucl.  rot.,  nucleus  rotundus;  nucl.  rub.  (G),  nucleus  ruber  of  Goldstein;  nucl. 
subrot.,  nucleus  subrotundus;  s.  mam.,  sulcus  mammillaris  of  Goldstein;  tr.  cbl. 
tect.,  tractus  cerebello-tectalis. 
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PLATE  33 


EXPLANATION  OF  FIGURES 

122  Transection  through  the  corpus  mammillare.    Weigert  method.    X  17. 

123  Diagram  showing  the  two  parts  of  the  right  olfactory  nerve,  and  the  rela- 
tions of  their  fibers  to  the  cells  of  the  bulb  and  to  the  fibers  of  the  olfactory  tract. 

124  Diagram  of  a  horizontal  projection  of  the  right  olfactory  bulb  showing  the 
connections,  in  the  bulb,  of  the  different  tracts  of  the  crura. 

corp.  mam.  {G),  corpus  mammillare  (of  Goldstein);  fasc.  relr.,  fasciculus 
retroflexus;^?.  olf.,  filaolfactoria;  g.n.  term.,  ganglion  cell  of  the  nervus  terminalis; 
gran,  cell,  granule  cell  of  the  nucleus  olfactorius  anterior;  mitr.  cell,  mitral  cell; 
nucl.  cbl.  hyp.,  nucleus  cerebellaris  hypothalami;  }iucl.  dif.  lob.  lal.,  nucleus  dif- 
fusus  lobi  lateralis;  n.  olf.  ant.,  nucleus  olfactorius  anterior;  n.  olf.  lal.,  nervus  ol- 
factorius lateralis,  consisting  largely  of  fibers  from  the  lamellae  of  the  caudal  and 
lateral  portion  of  the  olfactory  capsule;  n.  olf.  med.,  nervus  olfactorius  medialis, 
formed  largely  from  fibers  originating  chiefly  in  the  rostral  and  medial  portion  of 
the  capsule ;  n.  term. ,  nervus  terminalis ;  rlucl.  prerot. ,  nucleusprerotundus ;  n  ucl.  rot. , 
nucleus  Totundus ;  nucl.  subrot.,  nucleus  subrotundus;  s.  mam.,  sulcus  mammillaris; 
tr.  cbl.  tect.,  tractus  cerebello-tectalis;  tr.  olf.  asc,  tractus  olfactorius  ascendens, 
composed  of  centrifugal  fibers  from  the  corpus  precommissurale,  pars  medianus; 
tr.  olf.  asc,  pars  lat.,  tractus  olfactorius  ascendens  pars  lateralis;  tr.  olf. 
asc,  pars  med.,  tractus  olfactorius  ascendens,  pars  medialis;  ir.  olf.  lat.,  trac- 
tus olfactorius  lateralis,  composed  of  the  following  three  tracts,  all  centri- 
petal, and  practically  all  terminating,  in  the  carp,  in  the  nucleus  olfactorius 
dorsalis  and  nucleus  pyriformis  of  the  same  side;  tr.  olf.  lat.,  pars,  intermed.,  trac- 
tus olfactorius  lateralis,  pars  intermedia;  tr.  olf.  lat.,  pars  lat.,  tractus  olfactorius 
lateralis,  pars  lateralis;  tr.  olf.  lat.,  pars  med.,  tractus  olfactorius  lateralis,  pars 
medialis;  tr.  olf.  vied.,  tractus  olfactorius  medialis,  the  mesal  part  of  the  medial 
olfactory  radix  of  authors,  divided  into  the  following;  tr.  olf.  med.,  pars  lat., 
tractus  olfactorius  medialis,  pars  lateralis,  terminating,  after  decussation  in  the 
anterior  commissure,  in  the  nucleus  pyriformis  of  the  opposite  side;  tr.  olf.  med., 
pars  med.,  tractus  olfactorius  medialis,  pars  medialis,  forming  the  commissura 
interbulbaris  of  most  authors  which,  as  indicated  in  figs.  136  and  138,  is  largely 
a  decussation  and  not  a  commissure;  tr.  thai,  sp.,  tractus  thalamo-spinalis 
(Kappers). 
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EXPLANATION  OF  FIGURES 

125  Diagram  of  a  projection  of  the  olfactory  centers  on  a  parasagittal  plane, 
near  the  meson,  showing  the  levels  at  which  figs.  127  and  128  are  taken  and  the 
relation  of  the  different  centers  to  the  four  primitive  columns.    X  11. 

1,  pars  dorso-medialis  hemisphaerii  and  epithalamus;  2,  pars  dorso-lateralis 
hemisphaerii  and  pars  dorsalis  thalami;  3,  pars  ventro-lateralis  hemisphaerii  and 
pars  ventralis  thalami;  pars  ventro-medialis  hemisphaerii  and  hypothalamus; 
tr.  olf.  lat.,  tractus  olfactorius  lateralis;  tr.  olf.  med.,  tractus  olfactorius  medialis. 
(For  other  abbreviations  see  explanation  of  fig.  141.) 
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PLATE  35 


EXPLANATION  OF  FIGURES 

126  Diagram  of  a  transection  through  the  hemispheres  of  an  embryonic  teleost, 
showing  the  relations  of  the  four  primitive  columns. 

127  Diagram  of  a  transection  through  the  hemispheres  of  an  adult  teleost, 
showing  the  changes  which  have  taken  place  through  rearrangement  of  these 
columns.    For  approximate  level  see  fig.  125. 

128  Diagram  of  a  transection  through  the  diencephalon  of  an  embr^-onic  tele- 
ost, showing  the  relations  of  the  same  columns.  Practically  the  same  conditions 
hold  in  the  adult.    (For  level  see  fig.  125.) 

129-134  Diagrams  of  transections  through  the  cerebral  hemispheres  of  Ameiu- 
rus,  at  the  level  of  the  anterior  commissure,  showing  the  shifting  which  takes  place 
with  the  gradual  eversion  of  the  tenia.  Figs.  129  to  133  are  camera  lucida  drawings 
obtained  through  the  kindness  of  Dr.  James  M.  Wilson,  of  Washington,  D.  C. 
Fig.  129,  5  mm.  stage;  fig.  130,  6mm.  stage;  fig.  131,  9  mm.  stage;  fig.  132,  10  mm. 
stage;  fig.  133,  12-13  mm.  stage;  fig.  134,  adult. 

135  Transection  through  the  cerebral  hemispheres  of  Amia  cal  va  in  the  region 
of  the  anterior  commissure,  to  illustrate  the  eversion  of  the  hemisphere  wall, 
after  Mrs.  Susanna  Phelps  Gage  ('93). 

1,  pars  dorso-medialis  hemisphaerii  and  epithalamus;  2,  pars  dorso-lateralis 
hemisphaerii  and  pars  dorsalis  thalami;  3,  pars  ventro-lateralis  hemisphaerii 
and  pars  ventralis  thalami;  4,  pars  ventro-medialis  hemisphaerii  and  hypo- 
thalamus;  epii/iaZ.,  epithalamus;  hypothal.,  hypothalamus;  pars  dors,  thai.,  pars 
dorsalis  thalami;  pars  vent,  thai.,  pars  ventralis  thalami;  s.  hw.  tel.,  sulcus 
limitans  telencephali;  side.  dien.  dors,  sulcus  diencephalicus  dorsalis;  si;/f.  dieju 
med.,  sulcus  diencephalicus  medialis;  sulc.  dien.  vent.,  sulcus  diencephalicus 
ventralis. 
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PLATE  36 


EXPLANATION  OF  FIGURES 

136  Diagram  of  a  horizontal  projection  of  the  olfactorj-  centers  showing  in 
blue  the  connections  of  the  corpus  precommissurale,  together  with  the  fiber  com- 
ponents of  the  fasciculus  medialis  hemisphaerii  and  associated  tracts.    X  12. 

Indb.  olf.,  bulbus  olfactorius;  c.  mam.,  corpus  mammillare,  ganglion  mammil- 
lare  of  Goldstein;  corp.  precom.,  corpus  precommissurale,  consisting  of  the  pars 
medianus,  pars  commissuralis,  and  pars  supracommissuralis;  cms  olf.,  crus 
olfactorium;  enl.,  nucleus  entopeduncularis;  fib.  precom.  sir.,  fibrae  precommis- 
surales  striatici,  running  from  the  precommissural  body  to  the  palaeostriatum ; 
hob.,  ganglion  habenulae;  hyp.,  hypophysis;  m.,  pars  magnocellularis  of  the  nu- 
cleus preopticus;  n.  ant.  tub.,  nucleus  anterior  tuberis;  n.  cbl.  /i ?//;.,  nucleus  cere- 
bellaris  hypothalami  of  Goldstein;  n.c.l.,  nucleus  commissuralis  lateralis  ;  n. 
rlif.  lob.  lat.,  nucleus  diffusus  lobi lateralis;  n.  int.,  nucleus intermedius;  n.  lal.  tub., 
nucleus  lateralis  tuberis;  n.  olf.  lat.,  nucleus  olfactorius  lateralis;  n.  posthab., 
nucleus  posthabenularis;  n.  post,  thai.,  nucleus  posterior  thalami  of  Goldstein; 
n.  post,  tub.,  nucleus  posterior  tuberis;  n.  preopt.,  nucleus  preopticus;  ?i.  prerol., 
nucleus  prerotundus;  n.  pyr.,  nucleus  pyriformis;  ?i.  rot.,  nucleus  rotundus;  7). 
subr.,  nucleus  subrotundus;  n.  ten.,  nucleus  teniae;  n.  term.,  nervus  terminalis; 
p. a.,  pars  parvocellularis  anterior  of  the  nucleus  preopticus ;  paleostr.,  palaeostria- 
tum, the  striatum  of  most  authors;  pars,  com.,  pars  commissuralis  of  the  corpus 
precommissurale;  pars,  med.,  pars  medianus  or  the  nucleus  medianus  of  the  corpus 
precommissurale;  p.p.,  pars  parvocellularis  posterior  of  the  nucleus  preopticus;  p. 
sup.  com.,  pars  supracommissuralis  of  the  corpus  precommissurale;  sac.  vase,  sac- 
cus  vasculosus;  tela,  the  so-called  pallium;  tr.  hyp.  olf.  med.,  tractushypothalamo- 
olfactorius  medialis;  tr.  med.  preopt.,  pars  ant.,  tractus  mediano-preopticus,  pars 
anterior;  tr.  med.  preopt.,  pars  post.,  tractus  mediano-preopticus,  pars  posterior; 
f?-.  oZ/.  asc,  tractus  olfactorius  ascendens;<?\  oZ/.  asc.,  pars  lal.,  tractus  olfactorius 
ascendens.  pars  lateralis;  tr.olf.  asc,  pars  med.,  tractus  olfactorius  ascendens, 
pars  medialis;  tr.  olf.,  med.,  pars  lat.,  tractus  olfactorius  medialis,  pars  lateralis; 
tr.  olf.  med.,  pars,  med.,  tractus  olfactorius  medialis,  pars  medialis ;  /r.  olf.  thai,  med., 
pars  dors.,  tractus  olfacto-thalamicus  medialis,  pars  dorsalis;  tr.  olf.  thai,  med., 
pars  intermed.,  tractus  olfacto-thalamicus  medialis,  pars  intermedia  (short  des- 
cending association  fibers);  tr.olf.  thai.  med.  pars  wcni.,  tractus  olfacto-thalamicus 
medialis,  pars  ventralis;  tr.  opt.,  tractus  opticus;  tr.  preopt.  tub.,  tractus  preoptico- 
tuberis;  tr.  thai.  olf.  med.,  pars  intermed.,  tractus  thalamo-olfactorius  medialis, 
pars  intermedia  (short  ascending  association  fibers). 
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tr  olf.  a>5c.j  pa.r5  levt. 
tr.  olf.  5>.5c.,  pe^ra.  med 
tr.  olf.  med.,  pe^ra  med. 
n.  term. 

tr.  olf,  med.jpo.r3.  lo.t. 


oil  asc 


b.  pKecom.  str 

med.  preopl:.^  p&ys  Ant. 
-.  olf.  thevl.  med.j  pivrs  venl. 
.t-K  olf.  th&l.  med.,  pe^rs  dora. 
Jtr.  hyp,  olf.  -med. 

tr.  med.  preopt._,  pei,r3  post, 
preopt.  tu-b. 

olf  theiLl.  med.,  pars  intermed 
thd\.  olf.  med.,pe\r5  inTermed. 
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PLATE  37 


EXPLANATION  OF  FIGURES 

137  Diagram  of  a  horizontal  projection  of  the  olfactory  centers  showing  the 
connections  of  the  nucleus  pyriformis,  nucleus  teniae,  nucleus  olfactorius  later- 
alis, and  nucleus  intermedius.  On  the  right  side  are  shown  the  tracts  terminat- 
ing in  these  nuclei,  on  the  left  side  the  tracts  originating  in  them.    X  12. 

com.  hab.  (red),  com.  habenularum;  tr.  entoped.  intermed.  (red),  tractus  ento- 
pedunculo-intermedius;  tr.  hyp.  olf.  lat.  (blue),  tractus  hypothalamo-olfactorius 
lateralis;  tr.  intermed.  entoped.  (red),  tractus  intermedio-entopeduncularis; 
intermed.  hab.,  pars  ant.  (red),  tractus  intermedio-habenularis,  pars  anterior;  tr. 
intermed.  hab.,  pars  post,  (red),  tractus  intermedio-habenularis,  pars  posterior; 
tr.  intermed.  posthab.  (blue),  tractus  intermedio-posthabenularis ;  intermed. 
preopi.  pars  on<.  (red),  tractus  intermedio-precopticus,  pars  anterior;  tr.  inter- 
med. preopt.,  pars  med.  (red),  tractus  intermedio-preopticus,  pars  medialis;  tr. 
olf.  hyp.  lat.  (blue),  tractus  olfacto-hypothalamicus  lateralis;  tr.  olf.  lat.  (blue), 
tractus  olfactorius  lateralis;  tr.  olf.  lat.,  pars  intermed.  (blue),  tractus  olfactorius 
lateralis,  pars  intermedia;  tr.  olf.  lat.,  pars  med.  (blue),  tractus  olfactorius  later- 
alis, pars  medialis;  tr.  olf.  med.,  pars  lat.  (blue),  tractus  olfactorius  medialis,  pars 
lateralis;  tr.  posthab.  intermed.  (blue),  tractus  posthabenulo-intermedius;  tr. 
praeth.  cin.  (blue),  tractus  praethalamo-cinereus;  tr.  preopt.  intermed.,  pars  ant. 
(red),  tractus  preoptico-intermedius,  pars  anterior;  tr.  preopt.  intermed.,  pars 
lat.  (red),  tractus  preoptico-intermedius,  pars  lateralis;  tr.  preopt.  intermed., 
pirs  med.  (red),  tractus  preoptico-intermedius,  pars  medialis;  tr.  ten.  (red),  trac- 
tus teniae,  the  tractus  olfacto-habenularis  of  Kappers,  Goldstein,  etc.  (For 
other  abbreviations  see  explanation  of  fig.  136.) 
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t-r.  o]f.  l6.t., p&.'i'S  intermed. 
-t-i'.  olf  lat.,par3  med 


olf 


ten 


Intermed  preopt.^  pAV5  ant. 
'ntefmed.  hab,,  pf>vs  e^nt 
in  termed,  preopt.,  pa^-e-  med. 
mte-rmed  entoped. 
intermed .  posthab. 
mtermed.  ha^b.^pAi-S)  post, 
pre^eth.  cm. 

p^ecpt.  mtevmed.,pd^rs  med. 
preopt.  3ntermed.,pa,v^  d^nt. 
entoped.  intermed. 
preopt  intermed. ,  pa. VIS  ]&.t. 
om.  hab. 
posthab.  mtermed. 
hyp.  olf,  Kt. 
olf.  hyp.  lat. 
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PLATE  3S 


EXPLANATION  OF  FIGURES 

138  Diagram  of  a  horizontal  projection  of  the  olfactory  centers,  showing  the 
fibers  entering  into  the  composition  of  the  anterior  commissure,  together  with 
their  connections.    X  12. 

com.  corp.  precom.  (green),  commissura  corporium  precommis.suralium ;  com. 
dors,  (green),  commissura  dorsalis;  com.  hipp.,  pars  ant.  (green),  commissura 
hippocampi,  pars  anterior;  connecting  the  two  nuclei  olfactorii  dorsales  or 
primordia  hippocampi;  com.  hipp.,  pars  post,  (green),  commissura  hippocampi, 
pars  posterior,  the  commissura  internuclearis  of  Goldstein ;  co?n.  inlerbidb.,  {dec. 
tr.  olf.  nied.,  pars  med.)  (blue),  commissura  interbulbaris  (decussation  of  the 
tractus  olfactorii  mediales,  partes  mediales) ;  cow.  nucl.  preopt.  (green),  commis- 
sura nucleorum  preopticorum;  dec.  n.  term,  (blue),  decussatio  nervorum  termina- 
lium;  dec.  tr.  olf.  med.,  pars  lat.  (blue),  decussation  of  the  tractus  olfactorii 
mediales,  partes  laterales;  gang.  n.  term,  (blue),  ganglion  cell  of  the  nervus 
terminalis;  ?i.  term,  (blue),  nervus  terminalis;  tr.  hyp.  olf.  med.  (red),  tractus 
hypothalamo-olfactorius  medialis;  tr.  olf.  med.  (blue),  tractus  olfactoriusmedialis; 
tr.  olf.  med.,  pars  lat.  (blue),  tractus  olfactorius  medialis,  pars  lateralis;  tr.  olf. 
med.  pars  med.  (blue),  tractus  olfactorius  medialis,  pars  medialis;  tr.  strio-thal. 
cruc.  (red),  tractus  strio-thalamicus  cruciatus  (shown  only  on  one  side);  tr. 
thai.  str.  cruc.  (red),  tractus  thalamo-striaticus  cruciatus,  (shown  only  on  one  side). 
(For  other  abbreviations  see  explanation  of  fig.  136.) 
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^an^.  n.  tevm. 


tr.  olf.  tned.,  p&.r5  med. 
-t'T;  olf.  med.j  p<^rs  la.t. 


 ti'.  olf.  med. 


com ,  corp.  precom. 
dec.  n.  tefm. 
com.  hipp.,  pd,r5  Ant. 
com.  intef  bulb.Xd.ec.  tt:  olf.  med, 

pe^rs)  med.j 
com.  dors. 
tr.  hyp.  olf.  med. 
com.hipp.,p6.rs  po&t. 
dec.  Xr.  olf.  med.^pa^rs  lat. 
.If.  stno-thd,l.  ctiic. 
-tr.  theJ.  str.  cruc. 
com.  nucl.  preopt. 
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PLATE  39 


EXPLANATION  OF  FIGURES 

139  Diagram  of  a  horizontal  projection  of  the  olfactorj'  centers  showing 
in  blue  the  pathways  of  the  fibers  entering  into  the  composition  of  the  fas- 
ciculus lateralis  hemisphaerii.  The  ascending  fibers  are  shown  on  the  right,  the 
descending  on  the  left.    X  12. 

Jib.  precoiii.  sir.,  fibrae  precommissurales  striatici;  tr.  olf.  hyp.  lal..  tractus 
olfacto-hypothalamicus  lateralis;  tr.  slrio-ihal.  cruc,  tractus  strio-thalamicus 
cruciatus;  ir.  strio-lhal.  incruc,  tractus  strio-thalamicus  incruciatus;  tr.  that.  sir. 
cruc,  tractus  thalamo-striaticus  cruciatus;  tr.  thai.  str.  incruc,  tractus-thalamo- 
striaticus  incruciatus.    (For  other  abbreviations  see  explanation  of  fig.  136. J 
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EXPLANATION  OF  FIGURES 

140  Diagram  of  a  horizontal  projection  of  the  olfactory  centers  showing  the 
connections  of  the  postcommissural  olfactory  nuclei,  with  the  exception  of  the 
habenular  fibers  shown  on  fig.  142.  Fibers  which  terminate  in  these  centers  are 
shown  on  the  right,  while  those  which  originate  from  them  appear  on  the  left. 
X  12. 

com.  nucl.  preopt.  (red),  commissura  nucleorum  preopticorum ;  ir.  entoped. 
preopt.  (red),  tractus  entopedunculo-preopticus;  tr.  intenned.  preopt.,  pars  ant. 
(red),  tractus  intermedio-preopticus,  pars  anterior;  ir.  inlermed.  preopt.,  pars  med. 
(red),  tractus  intermedio-preopticus,  pars  medialis;  tr.  lat.  preopt.  (red),  tractus 
lateralis  preopticus ;  <r.  med.  preopt.,  pars  ant.  (blue),  tractus  mediano-preopticus, 
pars  anterior;  tr.  med.  preopt.,  pars  post,  (blue),  tractus  mediano-preopticus,  pars 
posterior;  tr.  olf.  med.,  pars  lat.  (blue),  tractus  olfactorius  medialis,  pars  lateralis 
(see  fig.  136);  tr.  posthah.  preopt.  (red),  tractus  posthabenulo-preopticus ;  tr. 
praeth.  cin.  (blue),  tractus  praethalamo-cinereus;  tr.  preopt.  entoped.  (red), 
tractus  preoptico-entopeduncularis ;  tr.  preopt.  intermed.,  pars  ant.  (red),  tractus 
preoptico-intermedius,  pars  anterior;  preopt.  intermed.,  pars  lat.  (red),  tractus 
preoptico-intermedius,  pars  lateralis;<r.  preopt.  intermed.,  pars  med.  (red),  tractus 
preoptico-intermedius,  pars  medialis;  tr.  preopt.  lat.  (red),  tractus  preoptico- 
lateralis;  tr.  preopt.  posthah.  pars  ant.  (red)  tractus  preoptico-posthabenularis, 
pars  anterior;  tr.  preopt.  posthah.,  pars  post,  (red),  tractus  preoptico-posthab- 
enularis, pars  posterior;  tr.  preopt.  tuh.  (blue),  tractus  preoptico-tuberis.  (For 
other  abbreviations  see  explanation  of  fig.  136.) 
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olf.  med.,  p^r3  Kt. 
tf.  med.  pfeopt.,  p&rs  ant. 
tf.  pj'eopt.  intenmed.,p6r5  &x\'c. 
tr.  preopt.  l&t. 
com.  nu-cl.  pre  opt. 
tr.  intermed.  preopt.,  pa.r3  Ant. 
til  Idt.  preopt. 

tr.  mtermed.  preopt.,  pa>.r^  med.. 
^tr.  pveopt.  mtermed.,  pe^rs  med 


tr  preopt.  entoped. 
tr.  entoped. preopt. 

tr.  ph-eopt.  Intet-med.,  pAirs  la^t. 


140 


tr.  preopt.  posthdb.,  pi>.rs  post, 

vtr  posthab.  preopt. 
tr.  preopt.  pa3thd.b.,  pars  Ant. 
tr  pra.eth.  cin. 
tt:  preopt.  tu-b. 
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PLATE  41 


EXPLANATION  OF  FIGURES 

141  Diagram  of  a  projection  of  the  olfactory  centers  on  a  para-sagittal  plane 
near  the  meson,  showing  the  components  of  the  tractus  olfacto-habenularis,  and 
their  connections,  in  black  (c/.  Goldstein,  Taf.  11,  fig.  7).    X  12. 

chias.,  optic  chiasma;  corn.  corp.  precotn.  +  com.  hipp.  pars  ant.,  commissura 
corporium  precommissuralium  plus  commissura  hippocampi,  pars  anterior;  com. 
hab.,  commissura  habenularum;  com.  Herrick,  commissura  Herricki;  com.  horiz., 
commissura  horizontalis;  com.  interbulb.  (dec.  tr.  olf.  med.,  parsmed.)  commissura 
interbulbaris  (decussation  of  the  tractus  olfactoriimediales,  partes  mediales) ;  ccm. 
nucl.  preopt.,  commissura  nucleorum  preopticorum;  com.  irons.,  commissura  trans- 
versa; corp.  mam.,  corpus  mammillare;  corp.  pin.,  corpus  pineale;  corp.  precom., 
corpus  precommissurale;  cms  olf.,  crus  olfactorium;  dec.  n.  term.,  decussatio 
nervorum tcrminalium;  dec.  tr.  hyp.  olf.  med.  +  dec.  tr.  olf.  med.,  pars  lat.  +  com. 
dors.  +  com.,  hipp.,  pars  post.,  decussation  of  the  tractus  hj^pothalamo-olfactorii 
mediales,  plus  decussation  of  the  tractus  olfactorii  mediales,  partes  laterales,  plus 
commissura  dorsalis,  plus  commissura  hippocampi,  pars  posterior;  /asc.  retr.,  (as- 
ciculusretroflexus;  ^6.  ans.,  fibraeansulatae;  hab. ,  ganglion  habenulae;  n.ant.  tub., 
nucleus  anterior  tuberis ;  n.  opt.,  nervus  opticus;  n.  post,  tub.,  nucleus  posterior 
tuberis;  nucl.  dif.  lob.  lat.,  nucleus  diffusus  lobi  lateralis;  nucl.  posthab.,  nucleus 
posthabenularis ;  nucl.  preopt.,  nucleus  preopticus;  iiucl.  rot.,  nucleus  rotundus; 
pars  gland.,  pars  glandularis  of  the  hypophysis;  pars  med.,  pars  medialis  of  the 
corpus  precommissurale;  pars  nerv.,  pars  nervosa  of  the  hypophj'sis;  pars  p.c. 
post.,  pars  parvocellularis  posterior  of  the  nucleus  preopticus;  p.m.,  pars  magno- 
cellularis  of  the  nucleus  preopticus;  p.  p.  c.  ant.,  pars  parvocellularis  anterior  of 
the  nucleus  preopticus;  p.  supracom.,  pars  supracommissuralis  of  the  corpus  pre- 
commissurale; tectum,  tectum  mesencephali;  tela,  so-called  pallium;  tr.  dien.  hab., 
tractus  diencephalo-habenularis ;  tr.  entoped.  hab.,  tractus  entopedunculo-haben- 
ularis;  tr.  hab.  dien.,  tractus  habenulo-diencephalicus;  0\  f?i/er/;icd.  hab.,  parsant., 
tractus intermedio-habenularis,  pars  anterior;  tr.  interjned.  hab.,  pars  post.,  trac- 
tus intermedio-habenularis,  pars  posterior;  tr.  olf.  Aaft.,  tractus  olfacto-habenu- 
laris; tr.  posthab.  hab.,  tractus  posthabenulo-habenularis;  tr.  preopt.  hab.,  pars 
ant.,  tractus  preoptico-habenularis,  pars  anterior;  tr.  preopt.  hab.,  pars  lat., 
tractus  preoptico-habenularis,  pars  lateralis;  tr.  preopt  hab.,  pars  med.,  tractus 
preoptico-habenularis,  pars  medialis ;  ir.  preopt.  hab.,  pars  post.,  tractus  preoptico- 
habenularis,  pars  posterior;  tr.  strio-thal.  criic,  decussation  of  the  tractus  strio- 
thalamici  cruciati;  tr.  teniae,  tractus  teniae;  valvula,  valvula  cerebelli.  (See 
also  fig.  125.) 
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EXPLANATION  OF  FIGURES 

142  Diagram  o!"  a  horizontal  projection  of  the  olfactory  centers  showing,  in 
red,  the  components  of  the  tractus  olfacto-habenularis  and  their  connections. 
X  12. 

com.  hah.,  commissura  habenularum,  or  commissura  superior;  fasc.  retr., 
fasciculus  retroflexus,  Meynert's  bundle,  tractus  habenulo-peduncularis;  Ir. 
dien.  hah.,  tractus  diencephalo-habenularis  (a  portion  of  the  tractus  habenulo- 
diencephalicus  of  Goldstein) ;  tr.  entoped.  /ia6.,  tractus  entopedunculo-habenularls; 
tr.  hah.  dien.,  tractus  habenulo-diencephalicus;  tr.  intermed.  hah.,  pars,  ant., 
tractus  intermedio-habenularis,  pars  anterior;  tr.  intermed.  hah.,  pars  post., 
tractus  intermedio-habenularis,  pars  posterior;  tr.  olf.  hah.,  tractus  olfacto- 
habenularis  (under  this  name  are  included  all  the  fiber  systems  which  ascend 
into  the  habenula  of  either  side);  tr.  posthab.  hah.,  tractus  posthabenulo- 
habenularis;  tr.  preopt.  hah.,  pars  ant.,  tractus  preoptico-habenularis,  pars 
anterior;  tr.  preopt.  hah.,  pars  lat.,  tractus  preoptico-habenularis,  pars  lateralis; 
tr.  preopt.  hah.,  pars  med.,  tractus  preoptico-habenularis,  par  medialis;  tr.  preopt. 
hah.,  pars  post.,  tractus  preoptico-habenularis,  pars  posterior;  tr.  ten.,  tractus 
teniae  (the  tractus  olfacto-habenularis  of  Kappers,  Goldstein,  etc.).  (For  other 
abbreviations  see  explanation  of  fig.  136.) 
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tr.  intenned.  Vwb.,  pAVs  ant. 
tK  pv-eopt.  ha,b.j  p&rs  Ant. 
ten. 

tf.  entoped.  hab. 
tt:  preopt.  hab.^p«iA-5  med. 
t^'.  mtermed.  ha>.b.,  p&rs  post, 
t-r.  olf.  hAb. 

tt:  pre  opt.  hAvb.,  pars  post, 
com.  hab. 

tf.  preopt.  hevb.,  pei^ra  l&.t, 
tt-.  posthAb.  henb. 
fAsc.  retf. 
t+r  dien.  hab. 
t*-  hAb.  dien. 


142 


339 


LIBRARY 

mSTSTUTE  OF  PSYCH lATCY 

DE  CRESPIGNY  PARK 
LONDON  SE5  8AF 


1 


THE  JOURNAL  OF  COMPARATIVE  NEUROLOGY 

VOLUME  22,  NUMBER  3,  JUNE,  1912 


CONTENTS 


Ralph  Edward  Sheldon 


The  olfactory  tracts  and  centers  in  teleosts.  From  the  Uni- 
versity of  Pittsburgh  Medical  School.    Forty-two  plates..  .177 


THE  WAVERLY  PRESS 
BALTIMORE,  U.  S.  A. 


